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WAVE RUN-UP SHORE STRUCTURES 


Thorndike Saville, Jr., ASCE! 
(Proc. Paper 925) 


SYNOPSIS 


Laboratory tests determining run-up shore structures result 
wave action are described. Curves relating the run-up wave steepness, 
structure type, and depth structure toe are presented. 


INTRODUCTION 


need for more adequate design data the height wave run-up 
shore structures has long been evident, with many protective structures 
along the shores rivers, lakes, reservoirs, and the oceans having been 
designed meet run-up requirements (i.e., freeboard) essentially rule 
thumb methods rather than sound factual basis. The vertical height 
which water from breaking wave will run given structure deter- 
mines the which the structure must raised prevent overtopping 
and resultant flooding the landward side, and, the structure dam 
levee, possible destruction rearface erosion. These crest elevations have 
usually been determined applying rather arbitrarily selected ratio 
run-up wave height (R/H). value R/H equal 1.5 appears that 
most frequently used, although values low 0.9 and high have been 
suggested for particular designs. has been generally recognized that the 
correct value would depend the structure characteristics (i.e., shape and 
roughness), the water depth its toe, and the wave characteristics, but suf- 
ficient data has not been available accurately determine these relationships. 
The value 1.5 the one which given for general use the Beach Ero- 
sion for structures in, landward of, the breaker zone. The (Dutch) 
Technical Laboratory Delft has determined approximate value, from 
relatively number observations, R/H equal tan where the 
structure slope; (2) berm width placed the mean water level, the 


Note: Discussion open until September 1956. Paper 925 part the copyrighted 
the Waterways Division the American Society Civil Engineers, Vol. 
82, No. April, 1956. 

Asst. Chief, Research Div., Beach Erosion Board, Corps Engrs., 
Dept. the Army, Washington, D.C. 
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ratio can reduced factor (1-B/L), where the wave length. This 
ratio for “an open regularly set stone revetment and width berm about 
1/4 the wave length L.” further stated that smooth impervious fac- 
ing increases the run-up about 15%, while rough stepped facing can de- 
crease about 10%. Some model study data obtained the University 
California has also been published Granthem(3) for smooth slopes 15, 
30, and degrees. addition the need for data for the more conventional 
types shore structures, the increasingly frequent use artificially placed 
fill protective (beach) structure has led need for data relatively 
berm elevations. 

Recognizing the lack basic data, the Beach Erosion Board, part 
its general research program factors basic shore protection and the de- 
sign shore structures, initiated 1952 comprehensive test program 
generalized nature wave run-up and its accompanying factor wave overtop- 
ping. Some these tests (including all those wave overtopping) have 
been carried out the Waterways Experiment Station the Corps Engi- 
neers Vicksburg, Mississippi, accordance with test schedule prepared 
the Board; others have been carried out the Board’s laboratory. pre- 
liminary analysis the overtopping data the vertical wall has been pre- 
sented Saville and Caldwell,(4) and tabular summary the Vicksburg 
data (without analysis) has also been published.(5) The present report pre- 
sents analysis the run-up data taken both laboratories. 


Test Facilities and Procedure 


The test program the Waterways Experiment Station was carried out 
concrete flume 120 feet long, feet wide, and feet deep. Waves were gen- 
erated plunger type wave machine which the wave period could regu- 
lated varying the speed the motor, and the wave height varying the 
eccentricity the plunger arm and hence the depth penetration the 
plunger. The tests the Beach Erosion Board were carried out steel 
wave flume feet long, 1.5 feet wide, and feet deep. The pusher-type wave 
generator consisted vertical bulkhead attached eccentrically through 
pusher arm rotating (driving) disk feet diameter. The disk was 
driven 1/2 motor through vari-drive unit. The wave period could 
adjusted varying the gear ratio the vari-drive unit, and the wave 
height varying the eccentricity the connecting rod and hence the travel 
distance the bulkhead. both cases waves known characteristics were 
propagated against the test structure the opposite end the tank (Figure 1). 
The Vicksburg test structures were tested one, two, three different 
depths water the structure toe, these depths being obtained varying the 
depth the deep portion the tank. The structures tested were vertical 
wall, curved wall (based the Galveston seawall section), similar curved 
wall but with recurvature the top, smooth slopes and 
step-faced wall 1/2 slope, and riprap faced wall 1/2 slope 
(one layer riprap impermeable base). All structures were fronted 
beach slope. All the Board test structures were tested with four 
depths the structure toe, these depths being obtained keeping the water 
level the deep portion the tank constant (at 1.25 feet) and varying the 
location the structure (Figure 1). The structures tested were smooth slopes 
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tests, all structures were fronted beach slope. addition beach 
slopes and were tested for the full depth 1.25 feet 

their toe. The and slopes were also tested with varying depths 
the deep portion the tank determine the effect this depth, any, 
the wave run-up. The wave heights involved ranged from 0.17 0.70 foot 
Vicksburg, and from 0.03 0.58 foot the Board; wave periods ranged from 
0.63 3.64 seconds Vicksburg, and from 0.61 4.70 seconds the Board. 
Roughly ten different combinations wave height and period were tested for 
each structure and depth Vicksburg (where the emphasis was testing 
quickly many structures possible—and where overtopping measurements 
were also made). the Board some combinations wave characteristics 
were tested for each structure and depth (where run-up alone was measured, 
and much more thorough program could used). put the experimental 
values perhaps somewhat better perspective for field engineers, the 
Vicksburg tests could visualized (linear) model, and the Board 
tests 23.7 (linear) model. For the Vicksburg tests then, depths 
25, 29.5, and feet would exist the toe the slope, and the struc- 
tures would tested with depths 4.5, and feet their toes; deep water 
wave characteristics would vary from 12-foot heights and 15-second 
periods. For the Board tests, the depth the toe the beach would 29.5 
feet, and, again, depths 4.5, and feet would exist the toes the 
structures; deep water wave heights would range from about two-thirds 
foot feet, and periods from seconds. may seen that essen- 
tially the full range prototype conditions was covered. 

both test locations, order permit stable condition obtain before 
measurements were taken, the first two four waves were ignored; measure- 
ments were then taken the next six fifteen waves so, but were, any 
case, stopped before reflected waves from the structure could reach the gen- 
erator and return the structure. the run-up tests the Board actual 
measurements were taken each the six fifteen waves, and these aver- 
aged obtain mean value. Vicksburg only the maximum the six 
fifteen waves was recorded, with the water then being stilled, and the test re- 
peated several times; these maximum values were then averaged obtain 
the value reported. The Board tests thus indicate average value run-up 
while the Vicksburg tests indicate average maximum value. general, 
however, these values should not differ markedly. For the two structures 
tested both locations for the same wave conditions, (i.e., the 1/2 and 
smooth slopes) the Vicksburg values averaged percent higher than 
the Board data for the 1/2 slope, and percent lower for the 
slope. The degree scatter the points appeared the same order 
magnitude, and the Vicksburg points were practically all included within 
the envelope band the far greater number points obtained the Board. 


Experimental Results 


The first Board tests were determine the effect, any, the depth 
the generating portion the tank the observed wave run-up. Consequently 
tests were initially run for the slope with two, and for the slope 
with four, different depths the deep portion the tank. For each these 
cases the slope extended uniformly through the entire depth the bottom 
the tank. The points obtained are plotted Figure 

The values plotted are relative run-up (the ratio vertical rise water 
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the structure face above still water level, the deep water wave height) 
and the ratio deep water wave height the square the wave period. The 


latter value directly proportional the dimensionless value 


somewhat easier use since the wave period usually directly available 
(either from forecasts from measurements) while the wave length general- 
must computed. additional complexity using the wave length 
parameter that changes quite appreciably with depth, and depth posi- 
tion must therefore specified with the value given. The wave period, 
the other hand, remains constant regardless depth variation. The height 
parameter used the deep water height corrected for refraction—that the 
height which would exist deep water offshore from the structure there 
were refraction effect (i.e., the refraction coefficient were 1.0). The 
breaker height would perhaps somewhat more desirable parameter, but 
extremely difficult obtain both the laboratory and the field. Any 
other height (such that which would obtain the deep portion the tank 
the toe the structure) again requires definition the depth involved, 
and complicates somewhat the usage the laboratory results—although this 
not important for wave height for wave length since the height change 
usually relatively small long the breaking condition not approached. 
may seen from Figure depth effect was apparent, and curves 
have been drawn eye through the general mass points. From practi- 
cal standpoint, this might related design offshore breakwater, and 
whether run-up considerations would differ were located depths 
50, 70, perhaps 100 feet; whether the depth the base reservoir 
dam river levee would make any difference freeboard requirements. 
Actually the independence run-up depth for relatively large depths (say 
several times the wave height) might well expected—but considerable 
question has been raised about one time another. This result also 
borne out other tests performed Vicksburg for the Jacksonville District 
the Corps Engineers for the design the Lake Okeechobee levees. 
The scatter the points about the derived curves quite typical, the de- 
gree scatter throughout the tests being very small for the gentle slopes, 
but becoming relatively large for the steeper slopes. This also ex- 
pected, relatively large horizontal difference wave uprush means only 
small difference the vertical value for the gentle slopes, but becomes 
large for the steeper slopes. should noted that the scatter much 
smaller for the steeper waves (i.e., larger values H/T2) than for those 
low H/T2 values. almost every case the scatter points was not exces- 
sive (i.e., greater than +20 percent so) for values greater than 
0.1, but frequently was high +100 200 percent for values H/T2 
less than about 0.01 0.02 (the worst cases being for the steeper slopes—as 
practical standpoint however, this particular scatter 
pattern not bad may seem first glance, almost always the 
designer interested the higher and steeper waves—and the less steep 
waves are nearly only academic interest. Table shows equivalent 
values and wave steepness (H/L) and the wave heights corresponding 
these values for various wave periods. may readily seen, engineer 
designers dealing with small bodies water (lakes, rivers, and reservoirs) 
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Wave height corresponding period 


0.5 12.5 


0.1 2.5 22.5 


1.25 


0.01 2.25 


and with the East Coast the United States where wave periods for storm 
waves are relatively short, almost always will dealing with waves H/T2 

values greater than 0.1, and probably never with values less than 0.05. De- 
signers the West Coast, where incident wave periods are frequently larger 

will dealing relatively frequently with waves H/T2 between 0.05 and 0.1, 

but very seldom with values less than 0.05 and practically never with 

values less than 0.02. Consequently the designer will working the area 
where the curves have the least scatter, and appear the most accurate— 
which indeed fortunate occurrence. 

Figure (a-j) shows the points for the various structures tested with the 
plotted points identified falling within various ranges depth-height ratio 
values, where the depth (d) indicates the depth the toe the structure. 
very definite relationship apparent throughout, with the run-up increasing 
with depth structure until depth-height ratio between about and 
reached, and then apparently decreasing somewhat. Actually the apparent 
decrease the larger depths are reached appears generally quite small 
(particularly the range greatest interest values greater than 
about 0.05) and may fact due only the difference scatter the 
various points. The initial increase run-up with depth may explained 
the location the breaking wave. When the wave breaks offshore from 
the structure (i.e., shallow structure depths) acts over relatively large 
distance gentle beach slope before reaching the actual structure. may 
thought then essentially acting over gentler (total combined) slope 
than when breaks more nearly the structure itself—and consequently has 
somewhat lower run-up. each case the curve derived for the 
slope (Figure also shown aid comparison. This curve shows the 
run-up relation which would exist for the 10) beach slope were the test 
structure not place. Were the structure depth decreased still further 
(i.e., the structure toe put plus elevation), the resulting run-up curves 
would approach still more nearly the curve for the slope. The depth- 
height ratio ranges chosen were purely arbitrary. The particular ranges 
used were selected most conveniently fitting the groups data taken. The 
Vicksburg data were taken for five values this ratio only, and these are 
shown specific values rather than ranges. The symbols used, however, 
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correspond those used for the applicable ranges for the Board data. 

Figure shows the curves derived for the various slopes tested for con- 
ditions deep water the structure toe—that is, where, the laboratory, 
the structure extended the full depth the tank. The points delineating 
these curves were essentially all for depths equal greater than three 
times the wave height. They are, for the 1/2 through slopes, 
identical with the curves shown Figure for d/H greater than three. The 
data for the slope curve are shown Figure The points establish- 
ing the curve for the slope are not shown, but some points were 
used determine the curve and does not deviate more than +10 percent 
from any point. noted earlier, the scatter was quite small for the gentle 
1/2 slope was approached. This may also seen from the plotted points 
Figure expected, the run-up increases the slope steepens 
least for the steeper waves. slight decrease run-up with slope in- 
crease indicated for slopes steeper than for values less 
than about 0.01, but the scatter this area was large make accurate 
determination curve extremely difficult. However, this relationship. 
might expected since with deep water fronting the structure the wave be- 
comes more and more reflected the slope steepened, and should ap- 
proach the value 2.0 for pure clapotis the vertical slope neared. 
may seen that this relationship indeed approached—and that actually the 
1/2 slope has relative run-up value for most the experimental 
range. The increase relative run-up for this slope from H/T2 
about 0.01 not understood, and felt that possibly not true in- 
dication, but that the plotted points this area were some way biased. 

Figure shows the curves derived for the condition zero depth the 
structure toe, with beach slope seaward. All curves were obtained 
from Figure Also shown the curve for the plain slope which 
shows the run-up relation for the beach slope alone, with structure place. 
Again, the run-up increased slope steepens, but after slope about 
reached the exact slope appears make very little difference. Curves 
for vertical wall and for 1/2 stepped wall and 1/2 slope 
with layer riprap are also shown. The vertical wall curve for this depth 
very little different from those for the steeper slopes though lying slightly 
lower. However, since this curve was obtained from the Vicksburg data 
average maximum run-up, may somewhat high comparison the 
average values obtained for the other slopes. The lower curves for the 
stepped wall and riprap cover indicate the effectiveness roughness de- 
creasing the amount run-up. 


SUMMARY AND CONCLUSIONS 


Figure general summary the information obtained for all struc- 
tures. Run-up values are shown for only three values H/T2 (0.05, 0.1, and 
0.3); however, these cover the general range practical use. Lines have 
been drawn connecting points equal The variation relative run-up 
with structure type and depth the structure toe apparent. may noted 
that the frequently used value 1.5 for relative run-up, while quite adequate 
for most the structures tested for the steep waves many design cases 
about 0.3), not adequate for many types structures where waves 
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lower steepness are considered. The vertical wall resulted lesser run- 
ups than the slopes steeper than about for all conditions except that 
zero depth the structure toe, where very nearly the same run-up resulted 
regardless slope. This decrease run-up for the vertical wall may pos- 
sibly explained greater ease reflection the uprushing water (if the 
wave has broken seaward the structure toe) and the fact that the horizontal 
momentum the uprushing water may applied directly carry the water 
forward the inclined slopes and there only gradually changed act 
vertical direction; for the vertical wall, however, must changed essen- 
tially instantaneously entirely vertical momentum carry the water 
the wall. For the vertical wall, too, some the momentum may changed 
vertically downward direction the wave breaks directly the wall. 
may noted also that curved walls apparently represent generally the worst 
type wall design when run-up important factor. Adding recurvature, 
however, reduces the run-up considerably—where wave run-up here deter- 
mined the height which the wall must raised prevent overtopping 
rather than the actual vertical rise water (for the other structures tested 
these two definitions are the same). Adding recurvature vertical wall 
would presumably also materially reduce the amount run-up measured, 
and hence the crest elevation necessary prevent overtopping. 

interpreting and using the data presented, the designer must bear 
mind that data was obtained for impermeable slopes only, with the partial 
exception the single riprap test which involved only single layer rip- 
rap over impermeable 1/2 slope. this test the riprap layer 
should regarded almost purely roughness parameter rather than one 
permeability. Observations indicate that walls relatively large perme- 
ability, for riprap rubble mound structures, generally serve decrease 
the amount run-up considerably. Tests presently underway the Board, 
however, are indicating that the permeability does have relatively large, 
and that sand beaches, for example, behave (as far run-up considerations 
are concerned) essentially the same solid impermeable structures. The 
run-up curves presented for the and slopes are probably very 
nearly those for which artificial beaches these slopes should designed. 

The designer must also remember that the data presented are for struc- 
tures fronted beach slope only. For cases where the depth the 
toe the structure several times the wave height, this not important; 
indeed, probably not especially important even for cases which the 
structure depth only the order one wave height more. For lesser 
depths, however, greater run-ups may expected for steeper beach slopes, 
and lesser run-ups for gentler slopes; the degree difference will increase 
the relative structure depth decreases. 

conclusion, has been shown that the run-up structure depends 
the wave steepness (or H/T2), the depth the toe the structure (unless 
this depth large comparison the wave height), and, course, the type 
and roughness the structure itself. The curves presented should enable 
more adequate designs necessary wall crest elevations, although additional 
work remains done provide complete data for the full range perti- 
nent design problems. 
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HOUSTON, TEXAS, FLOODWAY 


Kenneth ASCE 
(Proc. Paper 926) 


SYNOPSIS 


The most suitable plan for the flood protection the city Houston, 
Texas, one which provides for the continued operation the existing 
Barker and Addicks Reservoirs and the rectified channel immediately down- 
stream therefrom, and for the clearing, straightening, enlarging, and lining 
where necessary the channels Buffalo, Brays, and White Oak Bayous. 
Extensive studies were made before this conclusion was reached. Retention 
and diversion floodwaters were considered, but the rectification natural 
channels proved the most desirable and economical. 


Description 


The city Houston located the center the Buffalo Bayou watershed. 
The principal streams passing through the city are Buffalo Bayou and its 
major tributaries, Brays, and White Oak Bayous. The flood plains the 
maximum floods record Buffalo, Brays, and White Oak Bayous encom- 
pass both urban and rural properties. The municipal development the city 
Houston and adjacent towns comprising the Houston metropolitan area ex- 
tend within these flood plains and include extensive industrial, commercial 
and residential properties well utilities and transportation facilities. 
The heart the city Houston, situated the confluence White Oak 
Bayou and Buffalo Bayou, has experienced heavy damages commercial and 
industrial properties. Extensive residential expansion, since 1945, within the 
flood plain Brays Bayou has greatly increased the damage potential from 
the floods this stream. The location and extent the Buffalo Bayou water- 
shed and the locations Buffalo, Brays, and White Oak Bayous are shown 
figure 


Note: Discussion open until September 1956. Paper 926 part the copyrighted 
Journal the Waterways Division the American Society Civil Engineers, Vol. 
82, No. April, 1956. 


Chief, Eng. Div., Galveston Dist., Corps Engrs., Dept. the 
Army, Galveston, Tex. 
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HEAGY 
Channel Flow Capacities 


The present flow capacity the channel Buffalo Bayou bankfull stage 
decreases rapidly from about 30,000 cubic feet per second between the 
Houston turning basin and the mouth White Oak Bayou, mile 21.7, about 
25,000 cubic feet per second upstream from the mouth White Oak Bayou, 
and thence the channel decreases gradually about 6,000 cubic feet 
per second mile 43.6. 

The present flow capacity the channel Brays Bayou bankfull stage 
about 12,000 cubic feet per second the mouth and remains relatively 
constant mile 8.7, MacGregor Drive; thence the channel capacity decreases 
gradually about 5,900 cubic feet per second mile 10.8, Old Main Street; 
2,500 cubic feet per second mile 14.6, Willow Waterhole Bayou; and about 
1,000 cubic feet per second mile 19.4, Kegans Bayou. 

The present flow capacity the channel White Oak Bayou bankfull 
stage about 10,000 cubic feet per second the mouth and remains relative- 
constant mile 1.5, Little White Oak Bayou. Above Little White Oak 
Bayou the channel capacity decreases gradually about 6,000 cubic feet per 
second mile 4.3, Yale Street; about 3,000 cubic feet per second mile 
14,3, Brickhouse gully; and about 2,000 cubic feet per second mile 17.3, 
Cole Creek. 


Hydrology 


Storms 

The major storms which have occurred the Buffalo Bayou watershed, 
for which rainfall data are available, together with information regarding the 
location the storm centers, the total precipitation, and the duration the 
centers, and the average depth over the Buffalo Bayou watershed, are listed 
table 


Table Major storms 
verage 


Storm Center depth over 
watershed 


May 1929 Fairbanks 
Dec. 6-8, 1935 Near Satsuma 
Sept. 23-25, 1941 Sugarland (1) 
Nov. 1-3, 1943 Near Alief 

Aug. 27-30, 1945 Near Hockley 


determined. 


7 


Floods 

Historical records indicate that floods occurred Buffalo Bayou and its 
tributaries 1854, 1875, 1879, 1907, and 1929. The city Houston was 
founded 1835 and, based testimony and records local interests, the 
maximum known flood Buffalo Bayou, White Oak Bayou, and Little White 
Oak Bayou occurred December 1935. During this flood some overflow oc- 
curred from White Oak Bayou into Buffalo Bayou, and considerable overflow 
occurred from Buffalo Bayou into Brays Bayou. The peak discharge the 
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December 1935 flood Buffalo Bayou, White Oak, and Little White Oak 
Bayous are shown table 


Table 2.- December flood 


discharge 

River: (cubic feet 

Buffalo Bayou Eureka cutoff 29.4 40,030 
Buffalo Bayou Lockwood Dr. 18.4 52,750 

White Oak Bayou Railroad bridge west 

Stude Park 3.4 14,750 
Little White Oak Sylvester St. 3.8 


The maximum known stages along Brays Bayou between mile 14.2 and 
mile 2.8 were produced the flood August 1945; and over the remainder 
the bayou the flood May 1929. Flood flows Buffalo, White Oak, 
and Brays Bayous have been measured the United States Geological Survey 
since 1936. The floods record 1941, 1943, and 1949 were damaging 
nature Brays Bayou. Table shows the maximum flood discharges during 
the period record the United States Geological Survey stream gaging 
stations. 


Table 3.- Maximum flood U.S. Geological Survey 


record, 1936- 
El. charge 
Buffalo 
Bayou Addicks 80.93 11,200 Aug. 29, 1945 
Buffalo 
Bayou Waugh Dr. 24.7 33.83 Aug. 30, 1945 
White Oak 
Bayou Yale St. 8,600 Nov. 1943 
Brays Old Main St. 10.8 6.70 8,120 Nov. 1943 


South Mayde Addicks 


Creek Dam 89.98 2,250 Apr. 23, 1949 
Buffalo Barker 
Bayou Dam 49.8 90.10 2,840 Aug. 30, 1945 


Frequency Flooding 

Table shows the approximate floodstage discharges selected points 
Buffalo, White Oak, and Brays Bayous and their frequency occurrence. 
Frequencies are based the assumption that Barker and Addicks are not 
existence and that runoff occurs under 1950 watershed and channel conditions. 

Brays Bayou, Old Main Street, the stage which flooding begins, 
under 1950 conditions, represents estimated discharge 5,900 cubic feet 
per second. However, during the period record, flooding has occurred 
less discharge because varying channel conditions. shown table 
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Table 4.- flood-stage discharges 
Discharge 


cubic 
feet per Frequency 


Station Location second years 


Buffalo Bayou Above Waugh Dr. 23,000 
White Oak Bayou Below Brickhouse Gully 
White Oak Bayou Yale St. 
Brays Bayou Old Main St. 5,900 
Brays Bayou Below Kegans Bayou 1,000 


the frequency occurrence flood-stage Old Main Street about once 
each year. The maximum discharge record Old Main Street, shown 
table 8,120 cubic feet per second which only 1.4 times the estimated 
floodstage discharge. 


Plans Considered 


Following the destructive flood December 1935 which caused the loss 
lives, damaged property the city Houston the extent about 
$2,500,000, and severely hindered navigation the Houston Ship Channel, 
Federal flood control project for Buffalo Bayou was authorized the River 
and Harbor Act June 20, 1938 and the Flood Control Act August 11, 1939. 
This project authorized improvement Buffalo Bayou and its tributaries 
above the Houston Ship Channel turning basin provide for the control 
floods, the protection the city Houston from flood damages, and the pre- 
vention the deposit silt the turning basin means detention reser- 
voirs, enlargement and rectification channels, the construction control 
works and any diversions which may found advisable. 

Under this authorized project, the Corps Engineers and the Harris 
County Flood Control District, the State agency representing local interests, 
1940 formulated joint general plan development for the detail design 
and construction flood-control works Buffalo Bayou. The basic features 
this joint plan, with subsequent minor revisions, were: 


Construction the White Oak detention reservoir and the north diver- 
sion canal and appurtenant works prevent discharging flood flows from up- 
per White Oak Bayou through the city Houston. 

Construction the Barker and Addicks Reservoirs the vicinity 
Addicks control the runoff from upper Buffalo Bayou and the south diver- 
sion canal, including 7.4 miles channel rectification, from the twin reser- 
voirs Galveston Bay prevent this runoff from passing through the city 
Houston. 

Removal obstructions the channel Buffalo Bayou within the city 
Houston. 

Protection the floodway areas against further encroachment the 
establishment and enforcement building limit lines upon existing streams 
and the prevention dumping waste materials upon the banks the exist- 
ing streams within the building limit lines. 


The diversion plan (see figure was considered desirable because that 
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time, the enlargement and rectification the channels Buffalo and White 
Oak Bayous, which involved excavation large quantities material, the 
alteration many the present bridges their replacement larger and 
more expensive structures, and the construction special works protect 
the Houston ship channel from the deposition silt during floods, would have 
been more expensive. Under this diversion plan, Barker and Addicks Reser- 
voirs were completed 1945 and 1948, respectively, and channel rectifica- 
tion from the reservoirs the point diversion into the proposed south 
canal was completed 1948. 

Since 1940, however, the rapid residential and industrial development 
the city Houston and other communities the vicinity the sites 
the proposed White Oak Reservoir and north and south canals has in- 
creased the cost the proposed White Oak Reservoir and north and south 
canals that now, impracticable construct these features. 

The area along Brays Bayou has been highly improved recent extensive 
urban construction, and, now, subject potentially severe flood damages. 
The project formulated 1940 would not provide adequate flood protection 
this area. The south canal feature the project would provide only such in- 
cidental protection would result from the diversion the runoff from the 
upper portions the Brays Bayou watershed. has, therefore, now become 
necessary afford adequate flood protection the Brays Bayou area. 

view these changed conditions, the local interests obtained authority 
for review reports Buffalo Bayou determine the best comprehensive 
plan for the betterment navigation the Houston ship channel and for the 
control floods throughout the entire Buffalo Bayou watershed, including 
modifications the existing plan improvement and the requirements 
local cooperation. 

order expedite completion the flood-control project Buffalo 
Bayou, was decided formulate partial plan improvement for the 
Buffalo Bayou watershed limited providing flood protection the city 
Houston, and prepare interim report thereon. Because Buffalo Bayou 
above the Houston turning basin, Brays Bayou, and White Oak Bayou cause 
most the flood damages the city Houston, the investigations were 
limited the determination plans for control floods those streams. 

Investigation number plans improvement indicated two basic 
plans being most feasible for providing flood protection the city 
Houston. The main feature one the basic plans the diversion por- 
tions Buffalo and Brays Bayous the Brazos River. The other plan the 
enlargement and rectification the natural stream channels carry the 
flood discharges through the city Houston without damages. 

Each the two plans designed provide the same degree flood pro- 
tection the city Houston; that is, control the standard project flood 
nondamaging stages through the city. The benefits each the plans would 
approximately the same. These benefits, consisting principally preven- 
tion flood damages, are estimated total $3,345,000. The benefits are 
estimated the basis present conditions with allowance for future growth, 
and would result from the complete plan improvement, including the two 
existing reservoirs and channel rectification, and the proposed channel rec- 
tification diversion. 

The estimated first cost, the estimated annual charges, and the ratio 
annual benefits annual charges for each the two plans improvement, 
including cost existing Barker and Addicks Reservoirs and the existing 
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rectified channel, are presented table Construction costs are based 
December 1950 prices. Land and damage costs are based appraisals fur- 
nished the local interests. 


Table 5.- Estimated first cost, annual charges, and ratio 


benefits charges 


Plan improvement First cost charges charges 


Rectification plan 61,761,000 2,775, 300 
Diversion plan 62,861,000 1.16 


The diversion plan offers solution the flood problem which would 
cause less disruption the city Houston; however, there are several 
questionable features this plan which lessen its desirability compared 
the rectification plan. These features have not been evaluated and are not 
reflected the economic ratios given table One feature the greater 
length improved channel that would require maintenance and the possibility 
that all phases the channel maintenance have not been given comparable 
treatment. Another feature that the Brazos River flood plain would sub- 
ject increased flood damages the event coincident floods the two 
watersheds. Available data indicate that certain coincident flows from 
Buffalo Bayou and the Brazos River may cause increased damages the 
Brazos River flood plain half million dollars from single flood, and 
that the increase average annual damages the Brazos River flood plain, 
resulting from diversion the Brazos River may exceed $50,000 $100,000. 
Furthermore, Brays Bayou and its tributaries would suffer damages from 
backwater from high stages the Brazos River which, when concurrent with 
floods Buffalo Bayou, would interfere with the functioning the diversion 
channel. These factors are serious disadvantages and would reduce the 
favorable economic ratio the diversion plan. 

addition the unfavorable engineering features the diversion plan 
there are certain legal aspects that arise from the diversion water from 
one watershed another watershed. The local interests would have obtain 
any necessary authority for the diversion; furthermore, the local interests 
would have assume liability for flood damages that would caused along 
the Brazos River the floodwaters diverted from Buffalo Bayou. view 
the probability such damages, despite the lack estimates the damages, 
the Harris County Flood Control District advised that would not able 
assume the liability for such damages. From consideration all aspects 
the diversion plan, both the evaluated features and the unevaluated and in- 
tangible features and the engineering and legal difficulties, considered 
that the diversion plan would not feasible plan improvement. 

The rectification plan provides for partially lined channel for most 
Brays and White Oak Bayous. Paved channels result better flow conditions. 
follows that they require less rights-of-way, and being more stable they 
are easier keep free objectionable stagnant pools. 

There are several portions Brays Bayou and Buffalo Bayou that are 
highly developed areas with structures built the banks the streams. 
the basis investigations date, the best treatment the channel cannot 
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determined. may more economical provide vertical sheet-pile walls 
these points than provide for sloping sides. (The estimates cost are 
sufficient include several sections wall should they prove necessary.) 

From the standpoint navigation, any channel rectification work itself 
would detrimental; however, Barker and Addicks Reservoirs control the 
runoff from 279 square miles percent the area draining into the 
Houston turning basin, and thus afford considerable reduction the currents 
the Houston ship channel during floods. Also, proposed desilting basin 
immediately upstream from the Houston turning basin provided with the rec- 
tification plan, would reduce the quantity silt which may carried from 
White Oak Bayou and upper Buffalo Bayou into the deep-draft channel the 
Houston ship channel. 

desilting basin considered necessary feature the rectifica- 
tion plans protect the Houston turning basin from excessive sediment de- 
position during floods. The basin would reduce the quantity maintenance 
dredging required the turning basin and ship channel; however, the sedi- 
ment deposits would have removed from the desilting basin after each 
flood. The total maintenance dredging would about the same with with- 
out the desilting basin and, therefore, probably would not materially differ 
from the amount that required under present conditions. Because mainte- 
nance the desilting basin would reduce the necessary maintenance the 
turning basin equivalent amount, considered that this work ought 
part the cost maintaining the existing navigation project and should 
done the United States under the Houston ship channel navigation project 
increase the estimated cost maintenance. The authorization the 


existing navigation project, which provides for construction and maintenance 
off-channel silt basins, would permit incorporation the proposed desilt- 
ing basin the navigation project. The initial cost providing the desilting 
basin will borne under the flood-control project. 


The Reservoir Design Storm 


The Buffalo Bayou watershed area subject all the circum- 
stances making possible large storms. The Westfield storm December 
1935 was the most intense storm visit the basin during the period re- 
cord. However, had the 1935 Westfield storm been centered over the basin, 
would have produced more severe flood than the one that actually 
occurred. 

The storm showing the greatest depth rainfall over large area, 
record the United States, occurred 1899 Hearne, Texas, only miles 
from Houston, under meteorological conditions that could approximated 
closely over the Buffalo Bayou watershed. After due consideration Corps 
Engineers and Weather Bureau personnel, the conclusion was reached that 
the maximum probable storm which might occur over the Buffalo Bayou basin 
was transposition the Hearne storm June July 1899. Should 
such storm visit the area, the average rainfall over the basin would 
excess inches, almost twice the average inches that produced the 
record flood 1935. 

Addicks and Barker Reservoirs are such magnitude limit the run- 
off produced the maximum probable storm (design storm 31.4 inches 
period three days) maximum total regulated discharge about 
15,000 cubic feet per second. The ultraconservative design capacities 
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these reservoirs were considered justified since failure either dam might 
result loss life and damage far excess the cost these structures. 


Determination Standard Project Flood 


order achieve more uniform results the hydrological investigations 
its field agencies, the Corps Engineers has developed the concept 
Standard Project Storm and Standard Project Flood for its flood control in- 
vestigations. Standard Project Storm for particular drainage area should 
represent the most severe flood-producing rainfall quantity-intensity se- 
quence relationship and areal distribution any storm that considered 
reasonably characteristic the region which the drainage basin located, 
giving due consideration the run-off characteristics the basin. 

The Standard Project Flood the run-off from the Standard Project 
Storm. The Standard Project Flood represents practical measure the 
“flood potentiality” particular drainage basin, corresponding storms 
and run-off conditions observed the region sufficient number occa- 
sions demonstrate that distinct danger exists such flood occurrence. 
The Standard Project Flood reflects generalized analysis flood poten- 
tialities region, contrasted analysis limited flood records 
the specific locality that may misleading because the inadequacies 
records abnormal sequences hydrologic events. The statistical proba- 
bility occurrence this standard Project Flood not primary import- 
ance. The principal purposes the Standard Project Flood are to: 


Serve “standard” against which the degree protection finally 


selected for the project may judged and compared with protection provided 
other projects similar nature. 

Represent the flood discharge that should selected the design 
flood for the project, approached nearly practicable considera- 
tion economic other governing limitations, unusually high degree 
protection justified hazards life and high property values within 
the area protected. 


The Standard Project Flood used the present investigation Buffalo 
Bayou derived from over-all study, made the Corps Engineers, 
all recorded major storms the United States east 105° longitude for 
small drainage basins 1,000 square miles less. The 105th meridian 
crosses the extreme western tip the State Texas and Buffalo Bayou 
therefore falls within the area encompassed this study. The rainfall 
criteria used the over-all study are based primarily analysis 
major convective-type storms and relate total storm duration period 
hours. The average depth over area 200 square miles for dura- 
tion period hours was used the unit for comparing and correlating 
the storms. 

The average depths 24-hour rainfall over area 200 square miles 
for all storms that have been investigated date were plotted their geo- 
graphical positions. Generalized isohyets representing maximum possible 
24-hour rainfall over 200 square miles were obtained from the Weather 
Bureau (see figure and superimposed over this map. Studies the rela- 
tionship between maximum possible rainfall and the major storms record 
indicated that, general, percent maximum possible rainfall includes 
all but about percent the major storms record. Accordingly, 
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percent the maximum possible rainfall the vicinity under consideration 
was adopted for the Standard Project Storm. 

The Standard Project Storm isohyetal pattern which being used the 
design the Houston project shown figure The rainfall values shown 
this pattern were derived multiplying the index rainfall for the locality 
shown figure the percentages shown the pattern. 

After fitting the Standard Project Storm over the section the watershed 
being studied give the maximum peak discharges, the total 24-hour storm 
volume determined the usual way, planimetering the isohyetal pat- 
terns and determining the average depth storm rainfall. This storm rain- 
fall depth then divided into four 6-hour periods accordance with percent- 
ages determined the over-all study. The Buffalo Bayou Standard Project 
Storm has average depth inches over 200 square miles hours. 
For this depth, the time distribution rainfall for the four 6-hour periods 
follows: 


First period: 9.5 percent 

Second period: 20.1 percent 
Third period: 56.7 percent 
Fourth period: 13.7 percent 


Infiltration losses 1.0 inch for the first 6-hour period and 0.6 inch for each 
the three remaining 6-hour periods were then subtracted obtain the rain- 
fall excess. The rainfall excess was then developed into the Standard Project 
Flood means the Snyder Unit Hydrograph Method. The coefficients used 
this formula were determined from the reproduction actual floods 
Buffalo Bayou and tributaries. 

The peak flows that would produced the Standard Project Storm 
fitted over the principal parts the Buffalo Bayou watershed, under existing 
and improved conditions with Addicks and Barker Reservoirs operation, 
are shown Table and Table For comparison, the peak flows that would 
produced under present conditions the 1935 storm increased 50% are 
also shown. 


Table 6.- Peak flows produced standard project storm and 
1935 storm increased under existing conditions 
Standard 1935 storm 


Project increased 
Location Storm 50% 


White Oak Bayou mouth 25,200 


Buffalo Bayou above mouth 

White Oak Bayou 26,400 22,500 
Buffalo Bayou below mouth 

White Oak Bayou 49,200 46,200 
Buffalo Bayou below Brays 

Bayou 70,700 


Brays Bayou below Kegans Bayou 16,200 17,800 
Brays Bayou Old Main 25,000 
Brays Bayou mouth 31,200 30,700 
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Table 7.- Comparison peak flows standard project flood with 


diversion and channel rectification plans operation 


Location lan lan 
White Oak Bayou mouth 12,400 27,700 


Buffalo Bayou above mouth 

White Oak Bayou 27,600 31, 300 
Buffalo Bayou below mouth 

White Oak Bayou 34, 300 55,400 
Buffalo Bayou below Brays 

Bayou 52,700 87,400 


Brays Bayou below Kegans 
Bayou 16,200 


Brays Bayou Old Main St. 15,800 
Brays Bayou mouth 23, 000 35,700 


(a) Peak flows are for improved channel conditions. 


Construction Features the Rectification Plan 


previously stated, the rectification plan provides for the control the 
standard project flood nondamaging stages detention storage Barker 
and Addicks Reservoirs and enlarging and rectifying the stream channels. 


detailed description the features this plan follows: 


Barker and Addicks Dams and existing rectified channel. These fea- 
tures are considered part the rectification plan. proposed 
operate each reservoir with the gated conduits remaining closed and with 
all discharge through the ungated conduits during passage floods through 
the reservoirs. The combined floodpeak discharge from the two reservoirs 
would amount approximately 6,700 cubic feet per second for the standard 
project flood. The existing rectified channel has sufficient capacity carry 
the standard project flood and would not modified. 

Enlargement and rectification Buffalo Bayou. proposed en- 
large and rectify Buffalo Bayou from the turning basin the Houston ship 
channel, mile 16.0, the lower end the existing channel rectification, 
mile 43.6. The proposed rectified channel would about miles long, 
trapezoidal cross section, and with sodded banks with slopes 1/2 
except reaches where adjacent development such that channel paving 
the flood walls more feasible obtain the necessary capacity. This plan 
includes desilting basin just above the turning basin reduce the amount 
silt entering the turning basin and the Houston ship channel. The proposed 
basin would have bottom width 300 feet elevation -25 feet, mean sea 
level, and length 686 feet. addition proposed construct erosion- 
control works the channel above the turning basin. 

Rectification Brays Bayou. proposed enlarge and rectify 
Brays Bayou from its mouth Westheimer Road, mile 25.5. The proposed 
channel would 25.5 miles long and trapezoidal cross-section. Concrete- 
channel lining will used the lower portions the slopes and the bottom 
the channel from tide water, mile 4.4, Kegans Bayou, mile 19.4. The 
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side slopes the tidal section and from Kegans Bayou the upper end the 
improvement, mile 25.5, will sodded with slopes Figure 
shows typical section the partial lined channel. 

Rectification White Oak Bayou. proposed rectify White Oak 
Bayou from its mouth the Burlington-Rock Island Railroad bridge, mile 
13.5. The proposed channel would about 8.9 miles long and trapezoidal 
cross-section. The plan will provide for concrete-channel lining except that 
the upper portions the slopes would sodded. Lining considered neces- 
sary prevent excessive scouring the channel bed and slopes. 

Changes utilities. The proposed channel enlargement and rectifica- 
tion plan will necessitate changes railroad bridges, highway bridges, 
and some utilities adjacent across Buffalo Bayou; railroad 
bridges, highway bridges, and some utilities adjacent across Brays 
Bayou; and highway bridge across White Oak Bayou. 

Miscellaneous. The estimates cost for the proposed plans im- 
provement include allowances provide for any erosion prevention works 
which may prove necessary those channels where protection was pro- 
vided. 
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TRINITY RIVER FLOOD CONTROL PROJECT* 


James Cotton,! ASCE, and A.M. ASCE 
(Proc. Paper 927) 


SYNOPSIS 


Federal project consisting four reservoirs and two floodway improve- 
ments the Upper Trinity River, Texas, described. The reservoirs and 
floodway give protection agricultural lands and the urban areas Fort 
Worth and Dallas. The reservoirs are multipurpose, containing storage for 
municipal and industrial water supplies. 


The Trinity River Basin lies the eastern half the State Texas, be- 
tween 29° 46' and 33° north latitude and 94° 40' and 98° 43' west longi- 
tude. The basin situated entirely within the State Texas and bounded 
the north the Red River Basin; the east the basins the Sabine 
and Neches Rivers; and the west and south the basins the Brazos and 
San Jacinto Rivers. The Trinity River Basin relatively long and narrow. 
Its maximum length about 360 miles and its maximum width about 100 
miles near the headwaters. The basin has total area about 17,845 square 
miles. The drainage area above Rosser, Texas (just downstream from the 
confluence with the East Fork) 8,162 square miles and this area con- 
sidered the upper Trinity watershed. The upper watershed shown 
Plate 

The importance the Trinity River has long been recognized Texans. 
Over 100 years ago the river was utilized for transportation the early set- 
tlers. 1841 the Congress the Republic Texas authorized Peters 
colonize large area North Texas. result this authority, pioneer 
settlers from the states east the Mississippi River came into the upper 
part the Trinity River Valley. 1841, John Neely Bryan built cabin 
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the left bank the river and began settlement that has grown into the city 
Dallas. Between 1870 and 1890, the railroads built into the valley, numer- 
ous towns sprang up, and most the lands were placed under cultivation. 

result serious floods and prolonged periods drought, local in- 
terests have made considerable number improvements the Trinity 
River Basin the interest flood control and water conservation. These 
improvements, located for the most part the upper watershed, consist 
levees, channel improvements and reservoirs. The bottom lands along the 
Trinity River are great fertility but could not successfully cultivated 
their natural state due the frequent flooding. Most the levees construct- 
the local people were for the purpose reclaiming these fertile lands 
for agricultural purposes; however, levees also were built protect urban 
areas Fort Worth and Dallas. Some the levees were constructed 
private individuals groups, but the larger ones were constructed levee 
improvement districts organized under State law. The first levee improve- 
ment district the Trinity River Basin was organized 1909 for the protec- 
tion the lowlands adjacent the city Forth Worth, where considerable 
damage had been experienced during the flood 1908. date, fifty-six 
authorized levee improvement districts have been organized the basin. 
addition the State-authorized districts, there are about fifty private levees 
along the main stream and its tributaries. the fifty-six State-authorized 
districts the basin, four were created for the protection the lowlands 
adjacent Fort Worth and Dallas. addition the levees, local interests 
have constructed reservoirs the upper Trinity River Basin. Only two 
the reservoirs are significance with respect flood control. 

With the passage the Flood Control Act 1936, Congress decided that 
was proper for the Federal Government participate flood control ac- 
tivities national scale. this time, had long been evident the peo- 
ple the Trinity River Valley that their flood control efforts were inade- 
quate. Practically all the agricultural levees had been overtopped and 
damaged from time time. The Fort Worth levees had been overtopped 
the 1922 flood. Realizing the need for additional flood control measures 
planned watershed basis, the local people petitioned the Congress for 
assistance under the policy embodied the 1936 Flood Control Act. 
result, the Corps Engineers was directed Congress make compre- 
hensive study the Trinity River Basin the interest flood control and 
allied purposes. 

Accordingly, comprehensive report the Trinity River and its tribu- 
taries was prepared. 1941, the Chief Engineers transmitted this report 
the Congress for consideration. The Chief Engineers recommended, 
for flood control purposes, primarily, the construction dams the Clear 
Fork, Denton Creek, Elm Fork and East Fork; also recommended certain 
modifications the floodway projects Forth Worth and Dallas, which pro- 
jects had already been constructed local expense. 

result the recommendations contained this report, the Congress, 
the River and Harbor Act 1945, authorized the construction four res- 
ervoirs the upper Trinity watershed, the modification the floodways 
Fort Worth and Dallas, and navigation channel the lower reaches the 
river. The four Federal reservoir projects are the Benbrook Reservoir 
Clear Fork, the Grapevine Reservoir Denton Creek, the Garza-Little Elm 
Reservoir Elm Fork, and the Lavon Reservoir East Fork. The River 
and Harbor Act 1946 authorized modification the Lavon Reservoir 


} 
4 
‘ 
Ps 
ay 
i 
a 
“ky 
> 
j 


COTTON WOOD 


TABLE 


MAJOR RESERVOIRS 
UPPER TRINITY RIVER WATERSHED 


Storage (Acre-Feet 
Drainage 


Area Conser- Sedimen- 
Reservoir Mi. Storage vation tation 


Non-Federal Reservoirs 


Bridgeport West Fork 40,300 
Eagle Mountain West Fork 121,500 
Lake Worth West Fork 7,220 
Mountain Creek Mountain Cr. 8,020 16,380 
White Rock White Rock Cr. --- 


Federal Reservoir Projects 
Benbrook Clear Fork 433 170,350 72,500 15,750 


Grapevine Denton Cr. 694 238,250 161,250 36,000 
Garza-Little 

Elm Fork 1,658 526,700 436,000 53,500 
Lavon East Fork 100, 000 


Sub-total 3,562 1,210,900 769,750 153,050 
Grand Total 6,023 2,192,900 


Between Bridgeport and Eagle Mountain Dams 
Between Eagle Mountain and Lake Worth Dams 
existing Lake Dallas 
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project include conservation storage and the River and Harbor Act 1950 
authorized modification the Dallas Floodway project provide for the in- 
stallation interior drainage facilities. 

The storage capacities the major non-Federal and Federal reservoir 
projects the upper Trinity watershed are given table 

The Bridgeport and Eagle Mountain Reservoirs were built the Tarrant 
County Water Control and Improvement District No. the West Fork 
provide municipal water supply and flood control for Fort Worth. Bridge- 
port Reservoir was placed operation 1932 and Eagle Mountain Reservoir 
was placed operation 1934. Lake Bridgeport located about miles 
above Fort Worth, and Eagle Mountain Lake about miles above Fort 
Worth. Reieases from Lake Bridgeport are controlled three 48-inch 
valves, one 30-inch valve, and 60-foot ogee spillway, consisting three 
20-foot bays, two which are gated and one uncontrolled. Flow from Eagle 
Mountain Lake controlled four 48-inch valves and 100-foot ogee spill- 
way consisting four 25-foot bays, three which are gated and one uncon- 
Lake Worth, located the West Fork about miles above Fort 
Worth, was built the city Fort Worth 1913 provide water supply 
for municipal purposes. Flow from Lake Worth regulated 700-foot 
uncontrolled ogee spillway. The total cost constructing Bridgeport, Eagle 
Mountain, and Lake Worth Dams was $7,533,000. 

The Mountain Creek Reservoir was constructed private company for 
the purpose impounding water for cooling and condensing connection with 
the steam generation electric power. 

White Rock Reservoir was constructed 1911 the city Dallas for 
municipal water supply. The reservoir now maintained for park recrea- 
tional purposes and reserve supply for emergencies. 

The four Federal reservoir projects; namely, Benbrook, Grapevine, Garza- 
Little Elm and Lavon Reservoirs have been completed and placed operation. 
The Fort Worth Floodway project will completed this year and the Dallas 
Floodway project scheduled for completion 1958. 

The Benbrook project located about miles southwest Fort Worth, 
the Clear Fork the Trinity River. The dam earthfill structure 
9,130 feet length including uncontrolled concrete spillway 500 feet 
length. The dam has maximum height 130 feet. Regulated releases from 
the reservoir are made through 13-foot diameter, gate-controlled, flood 
control conduit and two 30-inch low-flow outlets. Construction the project 
was started 1947 and the project was placed operation 1952. The 
Benbrook project designed prevent floods similar the disastrous flood 
May, 1949, when people lost their lives, vital business and residential 
areas the city Fort Worth were inundated, and monetary losses were 
estimated $11,000,000. preventing this flood alone, the Benbrook pro- 
ject would have paid for itself. 

The Grapevine project located Denton Creek, about miles north- 
west Dallas. The dam earthfill structure 12,850 feet length, in- 
cluding uncontrolled concrete spillway 500 feet length, located the 
left abutment. The dam has maximum height 137 feet. Regulated re- 
leases from the reservoir are made through 13-foot diameter, gate- 
controlled, flood control conduit and two 30-inch low-flow outlets. Construc- 
tion the project was started 1948 and the project was placed operation 
1952. Water conservation storage space provided the Grapevine project 
has been acquired local interests for municipal water supply purposes 
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COTTON WOOD 
follows: 85,000 acre-feet the city Dallas; 50,000 acre-feet the cities 


Grapevine. 

The Garza-Little Elm project located the Elm Fork the Trinity 
River between Dallas and Denton near the town Lewisville and the reser- 
voir encompasses existing Lake Dallas. The dam earthfill structure 
32,888 feet length, including uncontrolled concrete spillway 560 feet 
length. The dam has maximum height 125 feet. Regulated releases from 
the reservoir are made through 16-foot diameter, gate-controlled, flood 
control conduit and two 60-inch low-flow outlets. Construction the project 
was started 1948 and the project was placed operation 1954. Water 
conservation storage space provided the Garza-Little Elm project, amount- 
ing 436,000 acre-feet, has been acquired the cities Dallas and Denton. 
The city Dallas has total storage space 415,000 acre-feet the reser- 
voir consisting 105,000 acre-feet conservation storage the new pro- 
ject return for storage Lake Dallas and 310,000 acre-feet additional 
conservation storage space meet the city’s needs. The remaining 21,000 
acre-feet conservation storage space has been acquired the city 
Denton for municipal water supply purposes. 

The Lavon project located the East Fork the Trinity River about 
miles above its confluence with the Trinity River and about miles north- 
east Dallas. The dam earthfill structure 9,499 feet length, includ- 
ing gate-controlled concrete spillway located the right abutment. The 
dam has maximum height feet. The gate-controiled concrete spillway 
contains tainter gates feet wide feet high and five 36-inch diame- 
ter low-flow outlets. Regulated releases from the reservoir are made 
through the spillway gates and low-flow outlets. Construction the project 
was started 1948 and the project was placed operation 1953. Water 
conservation space provided the Lavon project, amounting 100,000 acre- 
feet, has been acquired the North Texas Municipal Water District, 
agency created the State Texas for the purpose providing water for 
the domestic and municipal needs communities the North Texas area. 

The Fort Worth Floodway project, which provides for the improvement 
existing levees and floodways, located the city Fort Worth along the 
West Fork and Clear Fork the Trinity River. The original levee system 
Fort Worth was constructed local interests after the flood 1908 
estimated cost $335,000. The Federal project, which was begun 1950, 
and will completed this year provides for raising and strengthening the 
present levees with material excavated from the channel and floodway, clear- 
ing the floodway timber and debris, removing obstructions and enlarging 
bridge openings excavation order provide safe capacity 95,000 
second-feet the West Fork downstream from the mouth the Clear Fork, 
second-feet the West Fork above the Clear Fork, and 75,000 second- 
feet the Clear Fork from its mouth Lancaster Street Bridge. The prin- 
cipal project features are: improvement 52,500 linear feet channel; 
strengthening 50,000 feet existing levees and construction 11,600 
linear feet new levee; improvement floodway and channel clearing 
and removal obstructions; reconstruction highway bridges, and altera- 
tion highway bridges, railroad bridges and public utilities; and, re- 
moval existing channel dam and construction channel dam with im- 
proved hydraulic efficiency. The Fort Worth Floodway project, together with 
the Benbrook project, will provide high degree flood protection for 2,080 
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acres Fort Worth’s highly developed industrial and residential property 
located the flood plains the West Fork and Clear Fork the Trinity 
River. 

The Dallas Floodway project, which provides for the improvement 
existing levees and floodway and installation interior drainage facilities, 
located the city Dallas the Elm Fork, West Fork, and main stem 
the Trinity River. The existing levee and floodway improvements Dallas 
were constructed local interests during the period 1928 1932. The cost 
this original work, including rights-of-way, bridges, utilities, etc., has 
been estimated $20,000,000. The Federal project, which was begun 1953, 
and scheduled for completion 1958, provides for the strengthening 
approximately miles existing levees and clearing the floodway channel 
provide safe capacity 226,000 second-feet and improvement interior 
drainage facilities. connection with this program, construction addi- 
tion addition the existing pumping plant “A” near Houston Street and 
new pumping plant near the foot Pavaho Street have been completed. The 
plan further calls for construction two pressure sewers, one the Turtle 
Creek area and one the Lake Cliff area; the Coombs Creek Diversion; and 
construction pumping plant near Hampton Road. The Dallas Floodway 
project, together with the Grapevine and Garza-Little Elm projects, will pro- 
vide high degree protection for approximately 10,500 acres highly 
developed industrial and residential property located the flood plain within 
the city Dallas. 

The Federal flood control project was planned watershed basis and 
cooperation with the local interests. Consideration water supply was 
great importance planning the four Federal reservoir projects they are 
located area rapidly increasing water usage and limited water re- 
sources. From the standpoint flood control, was necessary consider 
two types degrees protection. The highly developed urban areas Fort 
Worth and Dallas clearly justify higher degree flood protection than does 
the agricultural lands. 

Flow the Trinity River Dallas has been measured since 1903. Flow 
measurements the principal tributaries are available since 1923. The 
flow the Trinity River Dallas the period record has varied from 
zero 184,000 c.f.s. The maximum monthly flow was 1,610,000 acre-feet 
while, the record drought, the total flow for consecutive months was 
only 528,928 acre-feet. These extremes flow are typical Texas streams 
and illustrate the need for control storage reservoirs. 

establishing the capacities the Federal reservoirs for flood control, 
thorough study was made the floods record the upper Trinity River, 
well the flood potential reflected rainfall and runoff records the 
region. Based these studies, sufficient controlled flood storage was pro- 
vided each reservoir control the maximum flood record outflow 
that would not exceed the capacities the stream channels. This storage, 
together with the reservoirs and levees constructed local interests, pro- 
vides good protection for agricultural lands from the reservoirs downstream 
the mouth Richland Creek. The larger part the improved farm lands 
the basin are this area. 

Additional flood protection for the urban areas Fort Worth and Dallas 
was provided the design the Benbrook, Grapevine and Garza-Little Elm 
Reservoirs that with the improved floodways protection would afforded 
against the maximum probable flood. This additional protection the 
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Grapevine and Garza-Little Elm Reservoir was accomplished limiting the 
width the uncontrolled spillways that the combined outflow could not ex- 
ceed the capacity the Dallas Floodway. the Benbrook Reservoir, addi- 
tional flood storage was provided specifically for the protection Fort Worth. 
Control this block storage means uncontrolled 100-foot wide 
notch with crest feet below the crest the spillway. The width the 
notch was established that outflow from it, when combined with the maxi- 
mum probable inflow below the reservoir, would not exceed the capacity 
the Clear Fork branch the Fort Worth Floodway. considered pri- 
mary importance that the operation the three reservoirs for the protection 
Fort Worth and Dallas entirely uncontrolled and free the possibility 

human error. 

The capacities provided the reservoirs for water supply were estab- 
lished generally cooperation with the local interests and, most cases, 
are the storages available from full development the reservoir sites after 
allocation storages needed for flood control. addition, sufficient sedi- 
ment storage was provided contain the estimated accumulation sediment 
deposits for period years. 

The foregoing criteria resulted allocation the four Federal reser- 
voirs 1,210,900 acre-feet controlled flood storage, 769,750 acre-feet 
conservation storage, and 153,050 acre-feet for the accumulation sediment. 
large portion the conservation space designated specifically for the 
use cities and water districts meeting domestic and municipal needs 
the upper Trinity watershed. These local agencies have assumed that portion 
the reservoir cost allocated the conservation storage. 

The total cost the four reservoir and the two floodway projects cur- 
rently estimated $75,100,000. this amount $62,300,000 will expended 
the Federal Government and $12,800,000 will expended local interests 
connection with the conservation aspects the reservoir projects and for 
carrying out the part the work they have assumed connection with the two 
floodway projects. 

The flood plain the Trinity River and its tributaries, which flood pro- 
tection will provided varying degrees the Trinity River flood control 
project, composed about 762,000 acres. the total 762,000 acres, 
244,300 acres are improved farm lands, 497,800 acres are lands either 
wooded devoted grazing, and the remaining 19,900 acres comprise the 
urban areas Fort Worth and Dallas. 

Operation the Benbrook, Grapevine, Garza-Little Elm, and Lavon Reser- 
voirs, coordination with the existing non-Federal reservoirs the West 
Fork and combination with the Fort Worth and Dallas floodway projects, 
will afford high degree flood protection for the leveed portions the 
cities Fort Worth and Dallas and reasonable degree supplementary 
flood protection for the rural areas the flood plain between the reservoirs 
and the mouth Richland Creek, where extensive levee improvements have 
been made local interests. Below the mouth Richland Creek certain 
amount flood protection will provided from decrease the stage and 
frequency flooding. 

From the standpoint economic justification, the Federal reservoirs and 
floodways are outstanding. Just one overflow the urban areas Fort 
Worth and Dallas would result flood losses far excess the total cost 
the projects. The benefits rural lands great, both flood damages 
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prevented and enhancement land values through the higher type use 
made possible. 

The storage space allocated the Federal reservoirs water supply pur- 
poses creates dependable supply during the worse drought anticipated 
217 million gallons per day. Present indications are that this supply will 
fully utilized within the next ten years. rate which reasonable the 
foreseeable future for raw water this part Texas for municipal use, the 
value the water supplies created more than sufficient justify the en- 
tire cost the reservoirs including the flood control pools. 

Congress has also authorized the Corps Engineers make detailed 
review the entire Trinity River Basin. this connection, investigations 
and studies are being made the extent possible consistent with the amount 
funds being made available for this purpose. result these studies 
and investigations, the Navarro Mills Reservoir project Richland Creek 
the Trinity River Basin was authorized the Flood Control Act 1954. 
Funds initiate detailed planning for this project were appropriated 
Congress during the past year. the present time, studies are being made 
the Richland and Chambers Creeks watershed determine additional 
improvements for flood control are warranted and study also underway 
connection with the proposed Lake Liberty Reservoir located the lower 
reaches the Trinity River short distance upstream from Liberty, Texas. 

appears that the most important single requirement for the continued 
expansion the economy the Trinity River Basin the control and con- 
servation its water resources. The area has progressed greatly already 
and probably will continue progress proportion the use that made 
its water resources. 
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BRIDGE CLEARANCES: POLICIES AND PRACTICE 


Eugene Weber,! ASCE 
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FOREWORD 


This paper one group five concerned with certain phases the 
physical characteristics bridges crossing waterways they affect water 
and land traffic. All were presented the Annual Convention the ASCE 
New York October 24, 1955. 

The symposium arose from concurrent growing awareness the part 
engineers concerned with waterway, highway, and railroad traffic the need 
for rationalizing any extreme views appropriate navigation clearances. 
the first these papers “Bridge Clearances: Policies and Practice” 
(Proc. Paper 935) Eugene Weber traces the evolution the bridge- 
clearance problem and discusses existing law and practice toward realization 
reasonable clearance requirements from the standpoint all affected forms 
transport. “Bridge Clearances: The Interest the Bureau Public 
Roads” (Proc. Paper 936) Walter Kurylo presents the view that navigation 
clearances bridges should based the least overall cost the public 
and studies should made determine the most economic solution. 

William Cleary “Bridge Clearances: Need for Realistic Approach” 
Paper 937) states the position the waterway operators opposed 
“standard clearances” and emphasizes the need for cooperative and rea- 
sonable approach the problem. The paper “Bridge Clearances: The Oper- 
ator’s View” (Proc. Paper 938) Caruthers, emphasizes the impor- 
tance navigational clearances rational economic development and water 
transportation, and stresses the need cooperative and realistic approach 
the problem. The last paper Dittbrenner “Bridge Clearances: 
Problems Northeastern United States” (Proc. Paper 939) describes the 
industries, resources, and transportation and their proper coordination 
and integration. 

With impending national highway program unprecedented magnitudes 
these papers have timely significance their effect upon adequacy clear- 
ances and cost bridge construction. 


Note: Discussion open until September 1956. Paper 935 part the copyrighted 
Journal the Waterways and Harbors Division the American Society Civil 
Engineers, Vol. 82, No. April 1956. 

Special Asst. Asst. Chief Engrs. for Civil Works, Corps. Engrs., 
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SYNOPSIS 


The development transportation facilities has been accompanied 
problems necessary intersections the various modes transport. 
the first half the nineteenth century there was little conflict between water 

and land transport and thus relatively few bridge clearance problems. With 

the development railroads the latter half the century, navigational 

clearance bridges became important and Federal legislation was adopted 
deal with it. During the past years highway transport, the resurgence 

waterways traffic and the continued development railroads have resulted 

radical changes the nature and intent the bridge clearance problem. 

The history the problem and the steps necessary solve are developed 

the author. 


The development the nation’s transportation facilities waterway, rail- 
road and highway over the years has been accompanied constantly changing 
problems with respect the necessary intersections the various modes 
transport. speeds increased, for example, had face the problem 
grade crossings highways and railroads and are now involved develop- 
ing super highways separate high-speed traffic. 

For consideration the specific problem before today—that clear- 
ances bridges over navigable waters—it convenient consider the evo- 
lution the problem the three half-century periods from 1800 date. 

the first the nineteenth century our principal means long dis- 
tance transport was water and there were relatively few bridge clearance 
problems. 

The last half the nineteenth century saw the development the railroads 
the principal means long distance transport inland. During this period 
the problem navigational clearances bridges became serious and Federal 
legislation was adopted deal with it. 

During the last years have developed great highway system and 
have seen resurgence inland waterway traffic well continued rail 
development meet the tremendous growth our transportation require- 
ments. during the latter part this most recent years that the nature 
and extent the bridge clearance problem has changed most radically. 

tracing the evolution the bridge clearance problem, one the earliest 
and most interesting developments case which arose over hundred years 
ago concerning the Wheeling Bridge across the Ohio River. The State 
Pennsylvania contended that the bridge was obstruction navigation. The 
Supreme Court analyzed the pertinent considerations involved, including the 
size and type vessels, the feasibility altering the vessels, the delays 
navigation attributable the bridge, the costs bridge alterations accom- 
modate navigation and the relative importance the land and water traffic. 
The Court decided that the bridge was obstructive navigation but the Con- 
gress Act August, 1852, legalized the bridge and thus forced water 
traffic conform the limitations imposed the clearances which then 
had. This case noteworthy for least two reasons. First, early 
example attempt determine, “economic analysis,” proper balance 
between the adverse impact bridge upon water traffic and the adverse im- 
pact navigation requirements bridge costs. Second, was exercise 
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Congress its prerogative regulate commerce manner which fa- 
vored land transport the expense water transport. 

Until 1890, the regulation construction bridges over waterways was 

left the States except for separate actions Congress from time time 

authorizing specific bridges and, some cases, prescribing the navigation 
clearances. Meanwhile, the inland waterways were being extensively im- 
proved the Federal government meet the growing needs for water trans- 
portation and, the same time, entered the great era railroad con- 
struction, more and more bridges were being built over navigable waters 
without effective control their clearances for the waterway traffic. Many 

difficult and undesirable situations which exist today land transport cross- 
ings over navigable waterways are traceable actions taken during this 
period ineffective control bridge construction. After initial attempt 
general bridge legislation 1890, Congress finally passed the comprehen- 
sive Act March 1899, which was the foundation the Federal legislation 
applicable today bridges over navigable waters. 

Under the Act 1899 and subsequent amendments and related legislation, 
the determination the suitability plans and the clearances pro- 
vided for navigation bridges over navigable waters the has been 
responsibility the Corps Engineers. 

only the last fifty years, therefore, that procedures have been 
available for effective determination the proper requirements for naviga- 
tional clearances bridges. carrying out its responsibility, the Corps 
Engineers has followed the practice obtaining the views interested par- 
ties the proposed construction bridges over navigable waters direct 
inquiry, public hearings and other appropriate procedures. the turn the 
century, railroad and waterway operators were often the only parties express- 
ing interest. any event, all pertinent factors each proposed bridge 
were analyzed determine the reasonable requirements for navigation clear- 
ances. 

the volume traffic railroad and highway crossings over waterways 
increased, became necessary improve and refine the methods for analy- 
sis bridge clearances order insure accurate and proper determina- 
tions. 
Prior and during the 1930’s, standard bridge clearances had been estab- 
lished for most the major seaport areas and inland waterways, including 
the Mississippi, the Ohio, the Illinois, the Missouri, and the Atlantic and Gulf 
Intracoastal Waterways. Although such standard clearances facilitated plan- 
ning all transportation agencies, considered essential that they kept 
constantly under review and that each proposed new bridge analyzed its 
own merits determine the clearance provisions which will result the 
least total cost the public for transportation the most logical combination 
water and land facilities. 

necessary look back only few years note the drastic changes 
which can take place the inter-relation our transport media. the rail- 

roads were developed and the proportion our dependence waterways de- 
creased, many railroad bridges were built with clearances which were thought 
reasonabie for the navigation requirements foreseeable that time. Within 
the economic life span many such bridges, however, the need for waterway 
facilities for bulk inland water transport has made necessary undertake 
expensive alterations eliminate uneconomic interference with waterway 
traffic. Since passage the Truman-Hobbs Act 1940, the Federal 
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government has embarked program alteration some obstructive 
bridges under the provisions that Act and under special projects consistent 
with the Act’s provisions total estimated Federal cost more than $130 
million. addition non-Federal costs connection with this program will 
bring the total expenditure about $200 million. 

The fact that bridge clearance practices date have resulted inadequate 
navigation clearances requiring such vast expenditures correct has general- 
received less recognition than has been accorded those examples where 
the clearances for navigation have proven, with changing times, longer 
justified. Perhaps this due the fact that many individual motor- 
ists have acquired personal knowledge the impact waterway requirements 
bridges but relatively few have occasion observe note the impact 
obstructive bridges navigation. any event has become evident that our 
efforts improve our determinations navigational clearance requirements 
bridges should intensified because the tremendously increased volume 
both land and water traffic has added the significance the possible ad- 
verse effects one form transport the other when the clearances are 
not satisfactory. 

the light the drastic changes which have taken place transportation 
facilities the last years, not surprising that have today many 
bridges over navigable waters with clearances that are inappropriate the 
light present day traffic requirements, both land and water. analyzing 
bridge clearance problem years ago, how many would have accur- 
ately envisioned the type highway transport have today? Even more 
recent years when modern types automotive transport were well developed 
few would have predicted accurately the volume such traffic that now 
developing. Similarly, during the development our great rail network and 
the relative decline waterway traffic, few would have envisioned the in- 
creasingly important role that inland waterways are now playing transpor- 
tation bulk commodities. the existing draw bridges which operation 
the draw span longer required because changed conditions about 
half were built years more ago and were required have draw spans 
the basis conditions foreseen that time. Also, practically half the 
bridges which are currently being found obstructive navigation and which 
were permitted have inadequate navigation clearances when they were built, 
are years old more. From 85% 90% all bridges now having im- 
proper clearances from the standpoint either land transport waterway 
transport requirements were built more than years ago. clear from 
the information available that much, not most, our bridge clearance 
problem today stems from our inherent inability forecast future develop- 
ments accurately rather than from any basic inadequacy the laws and prac- 
tices that have been applicable since 1900. 

One the most important recent steps toward improvement bridge 
clearance determinations had its origin the Federal Inter-Agency benefit- 
cost studies which culminated report May 1950, entitled, “Proposed 
Practices for Economic Analysis River Basin Projects.” This report, 
which often referred the “Green Book,” has formed the foundation for 
improved practices for economic analysis many agencies engaged the 
development water and related land use projects. The Corps Engineers, 
one the agencies participating development the “Green Book” prin- 
ciples, has adapted the applicable portions those principles the problem 
determining bridge clearance requirements two ways. 
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First, preparing reports prospective navigation improvements, ar- 
rangements are being made insure that the analysis will include complete 
accounting the impact such improvements land transport. The Corps 


Engineers’ procedures for analyzing prospective navigation improvements 
have for many years included provision for obtaining views and data from all 
affected interests. However, until recently when the problems our expand- 
ing highway network and its waterway crossings became more and more 
acute, the Corps was able obtain relatively little definite information 
highway requirements for use analyzing waterway projects. expected 
that recent improvements the practices all agencies concerned with this 
aspect the problem will result better correlation water and land trans- 
port needs and thus, the long run, result more adequate bridge clearance 
criteria. 

The second way which improved economic analysis procedures will help 
the bridge clearance problem through improvement the analysis in- 
dividual bridge proposals. recent case involving bridge Highway 
No. across the Minnesota River near Minneapolis, Minn., the Corps ana- 
lyzed the bridge costs and adverse effects land transport over range 
vertical clearance requirements and analyzed the economic impact the same 
range clearances expected water traffic. The point which there was 
the least total adverse economic effect transportation both land and 
water was recommended the proper vertical clearance requirement for the 
bridge. expected that this procedure will effective determining rea- 
sonable and proper bridge clearances providing satisfactory data prospec- 
tive land and water traffic can obtained for use the analysis. 

Because the pronounced changes transport facilities recent years, 
the Bureau Public Roads the Department Commerce has become in- 


creasingly concerned with the bridge clearance problem. Largely result 
the initiative and concern the Bureau Public Roads, the Department 
Commerce, with appropriate assistance and cooperation other agencies 


concerned with transportation planning and development, prepared report 
entitled, “Navigational Clearance Requirements for Highway and Railroad 
Bridges” February, 1955. The report comprehensive analysis the 
land transport aspects the bridge clearance problem. result this 
study and report there now better realization the relative interests and 
responsibilities the various agencies, Federal and non-Federal, that are 
concerned with the problem bridge clearances over navigable waters. Fur- 
ther studies, particularly the water transport aspects the problem, are 
also needed. 

summary, the question the proper amount clearance provided 
bridges over navigable waters has become acute recent years primarily 
because changes both land and water transport facilities and the tremen- 
dous increase the volume traffic. Part the problem stems from prac- 
tices prior the turn the century before adoption adequate procedures 
for determining the proper clearances. These are obstacles existing 
law and practice realization the goal reasonable clearance require- 
ments from the standpoint all affected forms transport. Efforts have 
been intensified very recent years towards improving the procedures for 
determining future bridge clearances and for easing existing problems 
brought about changing conditions. The continued cooperation all 
agencies, Federal and non-Federal, along lines that have been developed re- 
cently, needed insure satisfactory progress solving the bridge clear- 
ance problem. 
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FOREWORD 


This paper one group five concerned with certain phases the 
physical characteristics bridges crossing waterways they affect water 
and land traffic. All were presented the Annual Convention the ASCE 
New York October 24, 1955. 

The symposium arose from concurrent growing awareness the part 
engineers concerned with waterway, highway, and railroad traffic the need 
for rationalizing any extreme views appropriate navigation clearances. 
the first these papers “Bridge Clearances: Policies and Practice” 

(Proc. Paper 935) Eugene Weber traces the evolution the bridge- 
clearance problem and discusses existing law and practice toward realization 
reasonable clearance requirements from the standpoint all affected forms 
transport. “Bridge Clearances: The Interest the Bureau Public 
Roads” (Proc. Paper 936) Walter Kurylo presents the view that navigation 
clearances bridges should based the least overall cost the public 
and studies should made determine the most economic solution. William 
Cleary “Bridge Clearances: Need for Realistic Approach” (Proc. Paper 
937) states the position the waterway operators opposed “standard 
clearances” and emphasizes the need for cooperative and reasonable ap- 
proach the problem. The paper “Bridge Clearances: The Operator’s View” 
(Proc. Paper 938) Caruthers, emphasizes the importance naviga- 
tional clearances rational economic development and water transportation, 
and stresses the need cooperative and realistic approach the problem. 

The last paper Dittbrenner “Bridge Clearances: Problems North- 

eastern United States” (Proc. Paper 939) describes the industries, resources, 

and transportation and their proper coordination and integration. 

With impending national highway program unprecedented magnitudes 
these papers have timely significance their effect upon adequacy clear- 
ances and cost bridge construction. 


Note: Discussion open until September 1956. Paper 936 part the copyrighted 
Journal the Waterways and Harbors Division the American Society Civil 
Engineers, Vol. 82, No. April, 1956. 

Administrative Officer, Bureau Public Roads, Dept. Commerce, 

Washington, 
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INTRODUCTION 


About eight months ago, the Department Commerce released the first 
comprehensive report the navigational clearance problem ever made 
American transportation history.(1) The study leading toward that report was 
based upon four fundamental premises. Those premises were cemented into 
the Commerce publication, which has isolated this problem. 

The first premise was that all transportation costs are ultimately borne 
the general public the cost goods consumed, prices paid for services 
received, and taxes. 

The second was that our expanding economy dependent for surface trans- 
portation not our waterways alone, nor our railways alone, not even our 
highways alone; but that all three forms movement are essential coor- 
dinated surface transportation system. Since pipelines are assuming increas- 
ing importance economical movement certain types commodities, they 
also should included this thought. 

The third premise was that sufficient factual material should collected 
and evaluated form the basis for sound conclusions and recommendations. 

The fourth was that every Federal agency having interest this prob- 
lem, whose activities might any way affected the results the 
study, should given real opportunity cooperate the undertaking and 
have its views included the report. 

The study involved the cooperation number Federal agencies, and 
the report included information received from over State highway depart- 
ments and some railroads. contains incontrovertible facts concerning 
bridge operating conditions and realistic estimates the navigational incre- 
ment the cost bridges. (2) 

Evidence collected the study shows that—as between railroads and high- 
ways—for some years the highway transportation economy has been bearing 
heavy burden bridge costs due navigational needs. Existing and pros- 
pective future conditions strongly suggest that highway transportation will con- 
tinue bear this burden for some time come. This knowledge highlights 
the basis for Public Roads interest bridge clearances. 

This problem has many intricate complexities. Understandably, there are 
diverse and conflicting viewpoints its effective treatment. Certain water- 
way groups probably prefer leave things they are. Certain overland 
transportation groups may hope for complete relief from costs arising from 
navigational requirements. Public Roads believe that the answer should 
reflect the overall public interest. 

striving for effective treatment the problem the Bureau Public 
Roads will abide the sound premises that are basic the Commerce report. 
Also, are committed support the Department Commerce recommenda- 
tions for remedial action. (3) 


Change Concept Concerning Bridge Clearances 


The Commerce report and other recent developments with respect 
bridge clearances clearly show that treatment this problem transition. 
The change from concept that has expressly required the interests 
navigation protected bridge clearance decisions, oftentimes without 
regard overall costs transportation one that expressly 
requires protection the public interest with particular emphasis overall 
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costs and transportation economics. Under this new concept the protection 
the public interest also takes into account the needs federally-owned de- 
fense watercraft and other special needs craft navigating deepwater chan- 
nels. 

The Corps Engineers formally recognized this concept almost year 
ago. Following discussions with the Department Commerce relating in- 
clusion Corps Engineers views the Commerce report, the Corps is- 
sued statement policy, practice and procedure governing the construction 
bridges over navigable waters. That policy calls for economic analysis 
comparative costs and benefits bridge clearance decisions. (5) 

Other recent actions confirming the emergence this concept are the de- 
cision the Chief Engineers and the Secretary the Army the naviga- 
tional clearances for the Lyndale Avenue Bridge across the Minnesota River 
administrative instruction recently issued the Bureau 
Public Roads;(7) statement the Hoover Commission report water 
resources and power;(8) and recommendation made that Commission’s 
task force which studied this problem. (9) 


New Era National Transportation Policy 


this transitional period, all surface transportation interests stand the 
threshold new era national transportation policy concerning navigation- 
clearances for bridges.(10) fitting, therefore, for all review 
perspective. From such review there can charted course action 
that will enable all cross the threshold with integrity, with mutual 
respect, and with objective appraisal the responsibilities that lie ahead. 

generally agreed that the data collected for the Commerce report were 
adequate for the purpose policy revision. Public Roads believe that 
the information was more than enough for that purpose. Yet, fully realize, 
many others concerned with this problem, that the Commerce report 
merely defrosted small section opaque glass means obtaining 
fresh look the problem. Since corrective action indicated, the entire 
pane glass should defrosted. The defrosting process should enable all 
segments the public examine this problem with equal visibility from both 
sides the window. Additional scientifically prepared information, nation- 
wide character, needed enhance the validity the proposed standard 
navigational clearances for bridges. Such information also needed for de- 
cisions concerning the navigational clearances required for individual 

The needed data unquestionably should prepared conformity with the 
premise that the general public entitled transportation services the 
lowest possible overall cost. This premise sound because does not favor 
any specific form transportation. also sound because recognizes the 
coordinate existence all forms transportation and does take into ac- 
count the overall public interest. 


Action Required 


With these thoughts mind, all will agree that much needs done 
the immediate future. the Bureau Public Roads would like sug- 
gest certain areas which action needed with special reference water- 
ways having existing authorized channel depth not more than feet— 
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this means the inland streams and the intracoastal waterways. Because 
comments may not entirely applicable the question bridge clearances 
across channels having existing authorized depth more than feet, 
that aspect the problem not being covered this paper. For brevity 
purposes, the text this paper, then, makes further reference this limi- 
tation the discussion. 

addition the information now being obtained the Corps Engineers 
and published its Transportation Series, there real need for identify- 
ing more specifically the nature and purpose all fixed projections, and the 
cost feasible alterations, watercraft which extend feet more above 
water when the craft are 

This suggestion not intended imply that the vertical clearance for fu- 
ture bridges across the inland streams and intracoastal waterways should 
fixed feet above high water without regard additional facts. Asa 
general observation, does mean that where adequate navigation exists, ex- 
cept possibly rare instances, the vertical navigational clearance for any 
fixed bridge across the waterway would not less than feet above water. 
Subject this general observation, the actual vertical navigational clearance 
would based upon economic analysis all relevant facts. Surely, the 
face information which indicates that more than percent all watercraft 
operating the inland streams and intracoastal waterways have fixed projec- 
tions less than feet, any objective observer will agree that there 
need for detailed study any the craft this category. The same observ- 
also would agree that the remaining craft—those having projections 
feet more—are within the area the problem which requires detailed 
analysis. 

There appears reason why all affected public and private waterway 
transportation interests would not willing cooperate with the Federal 
Government providing the additional facts. 

This study watercraft projections also should identify the extent which 
federally-owned watercraft engaged waterway construction maintenance, 
providing aids navigation, may influencing bridge clearances and 
bridge costs. The imposition upon governmental agencies engaged con- 
structing publicly financed highway bridges added bridge costs for accom- 
modation government-owned craft performing services relating waterway 
transportation, without having those costs offset equal greater public 
benefits, obviously not sound public 

The study also should reveal whether rules prescribing the height lights 
craft need modified. The thought that the public may required pay 
added millions for highway bridge clearances accommodate navigational 
lights relatively few watercraft, without realistic evaluation alterna- 
tives, sufficient arouse the curiosity any 

Since certain watercraft operators have been contending that lowering 
masts and similar projections would unduly interfere with the operation 
radar and other communications media, communications experts need ex- 
plore ways and means overcoming the difficulties. The innovations needed 
here are different from the improvements made communications and 
transportation media other activities.(15) Here, again, the added cost 
the most suitable innovation should included with other watercraft costs 
that may compared with possible reductions bridge costs resulting from 
lower bridge clearances. 

special review needed existing minimum standard navigational 
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clearances for bridges. The facts already available the Commerce report 
the Gulf Intracoastal Waterway, which has minimum vertical clearance 
feet for fixed bridges, demonstrate the urgency this situation. (16) 

Information needed the necessity operating and maintaining mov- 
able bridges, especially urban areas, and requiring movable spans 
extraordinary navigational clearances new replacement structures. 

The evidence should reveal the extent which bridges costs due naviga- 
tional needs are now being offset equal greater savings waterway 
transportation costs. Where such savings are not indicated, corrective action 
may required. (17) 

Naval architects and marine developmental interests have real oppor- 
tunity include adaptations watercraft now the drawing boards 
early construction stages. Features that will enable the craft navigate un- 
der fixed bridges having reasonable navigational clearances can added 
far less cost during construction the craft than later date. Early ac- 
tion this kind would very significant step toward desirable standardi- 
zation floating units this 

Overland transportation interests, highway and rail, should ascertain more 
clearly their need for future bridge construction across navigable waterways, 
based upon traffic conditions expected within the next years. They also 
should realize that filing application for permit construct bridge 
across navigable waterway, they may request the Corps Engineers 
establish navigational clearances based transportation economics. Such 
requests, course, are subject any special needs federally-owned de- 
fense watercraft. 

study needed determine the relationship, under Federal and State 
constitutions, between the riparian rights landowner abutting waterway 
and the public right 


Six Possible Solutions are Suggested 


Recognizing that action needed the foregoing and other areas, there 
are least six possible solutions that may result from efforts arrive 
bridge clearances based upon the lowest overall cost the public. differ- 
ent solution may apply different reaches the same waterway. The sug- 
gested solutions are: 

First, obtain bridge clearances based upon this concept may require al- 
teration and reconstruction existing structures provide greater 
navigational clearances than are now available. This condition may found 
streams where waterway transportation has increased from little con- 
siderable importance since bridges were built. such case, the cost 
the bridge alterations, and the added cost foreseeable new bridges due 
navigational needs, should less than the expected savings water trans- 
portation obviously greater clearances are economically justified and should 
required. 

Second, bridge clearances that are based this concept may require 
modification watercraft projections the craft can pass under fixed 
bridges having lower vertical clearances than are now required. effect, 
the decision would based upon comparison added bridge costs due 
watercraft needs with the cost adjusting extreme projections watercraft 
the craft could pass under lower fixed bridge clearances than they now re- 
quire. similar method arriving the lowest overall transportation cost 
being borne the public also might 
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Third, overall public savings might achieved shifting existing 
waterway terminal downstream from its present location. Such shift would 
permit closure reduced operating conditions movable span bridges and 
the construction new replacement bridges fixed structures affording 
reasonable navigational 

fourth possible solution remove any requirement navigational 
clearance for new bridge cross specific reach waterway and per- 
mit all existing movable bridges the reach waterway permanently 
closed. Conditions warranting this solution may found primarily the 
upper reaches certain navigable waterways, urban areas where many 
movable bridges cross the waterway, where number new replacement 
structures are contemplated, and where relatively small volume traffic 
moves the waterway. such cases, expected bridge costs due solely 
navigational needs cannot offset equal greater savings waterway 
transportation costs, there obviously will justification for navigational 
clearances new replacement bridges. 

fifth possible solution involves the formal declaration waterway 
nonnavigable, Act Congress. number such enactments already are 
the statute books.(22) During its first session, the 84th Congress this year 
enacted five laws declaring portions waterways nonnavigable. Three 
these waterways are Connecticut,(23) the fourth Kenosha, Wiscon- 
and the fifth Boston, Massachusetts.(25) Such enactments auto- 
matically eliminate the need for considering navigational clearances. Also, 
bridges can constructed without the usual Federal permits. 

sixth possible solution retention the status quo. Waterway interests 
throughout the country can assured that the Bureau Public Roads will not 
advocate reduction bridge clearances where they are economically justified. 
public agency responsible for promoting the development one means 
transportation, the Bureau fully aware the need for other forms move- 
ment. Nevertheless, since are charged with responsibility for expending 
public funds, have duty—imposed the Congress and the public—to in- 
sure that every dollar spend bringing dollar more return. 
this regard, the profit motive that actuates private enterprise—which many 
ASCE members represent—is equally applicable the conduct this area 
the public business. 


Jurisdiction Discussed 


The last point shall mention related the interest the Bureau 
Public Roads jurisdictional aspects bridge clearance matters. would 
sheer folly for say that Public Roads has interest jurisdictional 
matters. the other hand, most appropriate spell out our interest 
clearly can—for the benefit all concerned. 

The Bureau has interest whatever obtaining for itself authority 
make final decisions bridge clearance cases. That authority now vested 
law the Chief Engineers and the Secretary the Army. 

Our views the jurisdictional aspects this problem can expressed 
continuing desire maintain mutual respect and integrity all our 
relationships concerning treatment this problem. Under recently completed 
arrangements and part normal operations, Public Roads field offices 
have been instructed furnish the Corps Engineers information expected 
increases highway bridge costs due navigational needs, for inclusion 
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pending navigation project reports. These instructions also provide for Public 
Roads action with respect pending applications construct highway bridges 
the Federal-aid system. The information being furnished such cases 
should contribute toward reasonable decisions concerning navigational clear- 
ances for specific structures. 

are especially interested cooperating with all affected public and pri- 
vate surface transportation agencies and groups the development scien- 
tifically validated techniques for bridge clearances based upon transportation 
economics. conjunction with the development those techniques, are 
prepared cooperate the determination standard navigational clearances 
for highway bridges. 

Our services are available the State highway departments for economic 
studies highway bridge costs relating the navigational clearance problem 
special cases, with view toward determining the relationship those 
costs waterway transportation benefits, and toward recommending correc- 
tive action wherever appropriate. These special studies may well require the 
cooperation other surface transportation interests. 


APPENDIX 


The Office Under Secretary Commerce for Transportation, De- 
partment Commerce, Washington, C., Navigational Clearance Re- 


quirements for Highway and Railroad Bridges, February 1955, 158 pp. For 


sale the Department Commerce, Room 6225, Commerce Build- 
ing, Washington 25, C., price $1.50 per copy. 


Ibid, Preface, pp. 30-32, 49-82, 136-141, 144-145. The evidence reveals 
least nine significant points concerning conditions and costs 1950. 
Those points are: 


least movable span highway bridges States and two railroad 
bridges never have been opened for navigation. 


less than 375 movable span highway bridges States and 179 
movable span railroad bridges were opened average once day 
less. 


least 424 movable span highway and railroad bridges were not opened 
for year longer. 


Navigational clearances have been required bridges accommodate 
relatively few watercraft, including floating construction equipment and 
other craft having projections not essential for movement the 
craft. 


The added cost constructing highway and railroad bridges due solely 
navigational needs, adjusted 1950 price levels, conservatively 
estimated $754.2 million. This amount percent the adjusted 
construction cost some 2,200 bridges studied detail. 


The increased cost maintaining and operating existing bridges due 
solely for accommodation watercraft estimated $16.9 million 
annually. 
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The increased cost vehicular and train operations due navigation 
estimated $11.3 million annually. 


Ona specific waterway studied detail—the Altamaha River Georgia 
—the added cost bridges due navigational needs, when translated 
into terms cost per ton-mile waterway traffic, resulted esti- 
mate $0.1375 per ton-mile. the Kennebunk River Maine, which 
carries very little waterway traffic under only one movable span high- 
way bridge, the estimate was $7.24 per ton-mile waterway traffic. 


According conservative estimates from million $10 million 
bridge construction costs, and additional million bridge operat- 
ing costs, can saved annually without unduly affecting waterway traf- 
fic. These savings would substantially increased under expanded 
highway program. 


pp. 2-6. Summarized briefly, those recommendations provide for 


having bridge clearances due navigational needs based upon transporta- 
tion economics, except only requirements federally-owned defense 
watercraft, and craft engaged foreign commerce and other deepwater 
transportation are controlling. Where the exception applies, the Federal 
Government would finance the added cost bridges due navigational 
needs. These basic objectives would achieved through classification 
navigable waterways according identified uses and through establishment 
standard navigational clearances for bridges. 


this specific point, his capacity Chief Engineers, United States 


Army, Lt. Gen. Wheeler, stated the 1946 annual convention the 
American Society Civil Engineers: 


“We must meet all reasonable needs navigation, but must 
weigh all conflicting interests, and must have respect for the cost 
things. would like think that this entire subject merely one 
economics, with engineering considerations prime factors. Un- 
fortunately, perhaps, this not the case. matter fundamental 


law that the navigation stream not matter economics but 


public right.” (Underscoring added.) 


For Gen. Wheeler’s full statement, see “War Department Determines 
Bridge Clearances Required for Public Navigation, “Civil 
Feb. 1947, Vol. 17, No. 71. 


Office Chief Engineers, Department the Army, Washington 25, 


Bridges, Statement Policy, Practice and Procedure, dated November 
1954. (Processed, pages.) referring this analysis when speaking 


before the Mississippi Valley Association St. Louis, Missouri, February 
1955, Brigadier General Itschner, Assistant Chief Engineers for 
Civil Works, said: 


“This analysis utilized one part the study leading the final 
decision what constitutes unreasonable obstruction naviga- 
tion. Some the data for the analysis originates with the navigational 
interests, who must analyze the characteristics waterway commerce 
passing the intersection question and determine the resultant damages 
losses certain restrictive clearances are provided. Conversely, 
navigational interests must demonstrate the resulting benefits terms 
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dollars realized the provision clearances proposed 
them. The problem resolves itself into one where both land and water 
transportation interests must fully consider the economic effects the 
final decision the overall economy the region.” 


Attention also invited Office Chief Engineers, Department 
the Army, Memorandum Division Engineers and others, Subject: Sur- 
vey Reports; Increased Cost Overland Transportation, dated June 30, 
1955. (Processed, pages.) 


For the conclusions reached this case, see Corps Engineers, St. Paul 
(Minnesota) District, “Public Notice the Application the Minnesota 
State Highway Department for Permit Construct Bridge Across the 
Minnesota River Trunk Highway No. 65,” dated June 1955. For the 
specific details, see the same organization’s compilation entitled “Pro- 
posed State Minnesota Highway Bridge Across Minnesota River 
Trunk Highway No. (Lyndale Avenue).” The compilation includes com- 
munications from the Minnesota Department Highways, the recommen- 
dations the Corps Engineers district engineer, economic analysis 
bridge clearances this waterway, and pertinent tables and charts. 


Department Commerce, Bureau Public Roads, Policy and Pro- 
cedure Memorandum 50-4.1, Subject: Highway-Water Resources Develop- 
ments (Bridge Clearances for Navigation), dated July 11, 1955. 


Commission Organization the Executive Branch the Government, 
Water Resources and Power, June 1955, Vol. pp. 83-84. The statement 


reads: 


constant conflict arises between the inland navigators and the 
highway builders, over higher bridge clearance. Under the present 
law, the Army Engineers are required favor navigation. 

recent report the Department Commerce revealed that 
least movable-span highway bridges States never have opened 
accommodate navigation, and 122 highway bridges States have 
not been opened for navigation for year longer. addition, 
least 119 movable-span railroad bridges were not opened for navigation 
during the year, and least have never been opened. These figures 
did not cover all the States nor all the railroads having bridges 
over navigable waters. The highway manager insist less high 
bridges and closing many drawbridges.” 


Commission Organization the Executive Branch the Government, 
Task Force Report Water Resources and Power, June 1955, Vol. pp. 
101-102. The task force recommendation provides that the Congress 
should “enact legislation direct that proper consideration given 
forms transportation other than navigation establishing the height 
and width bridge clearances and fixing requirements for the construc- 
tion and operation movable span bridges.” For other task force state- 
ments dealing with bridge clearances, see the same report, Vol. pp. 
11-12, 133-134, 221-223; and Vol. pp. 897, 924-928, 946-947, 953-954. 


For ealier statements the author concerning the new concept and the 
advent this new era, see “Navigation Clearance Requirements for High- 


way Bridges,” AASHO 1952 Convention Group Meetings, 28, and 


x | 
of 

j 

i; 
4 

8 

4 

& 

ae 

a 
} 

= 
gig 


936-10 April, 1956 


Current Look the Navigational Clearance Problem,” AASHO 1953 Con- 
vention Group Meetings, 19. 


For review the scientific approach used the Department Com- 
merce its study see statements Mr. Paul Royster, Assistant 
Under Secretary Commerce for Transportation, Department 
Commerce, his paper “Fair Play Navigational Clearances for 


Bridges,” American Highways, April 1955, 


indicated the text this proposal applies watercraft which navigate 
channels having existing authorized depth not more than feet. 
The craft studied detail—those having fixed projections which ex- 
tend feet more above water—represent about percent the total 
number craft this category. For example 9,953 watercraft listed 
Corps Engineers Transportation Series No. 1951 edition, only 
1,780 (or percent) would studied detail. For additional informa- 


tion, see Navigational Clearance Requirements for Highway and Railroad 
Bridges, op. cit., pp. 49-82. 


With respect the craft suggested for detailed analysis, information 
needed the feasibility and cost hinged telescopic devices (includ- 
ing telescopic pilothouses) and the monetary effect such adaptations 
watercraft operations. Information also needed ascertain the ex- 
tent economic losses that might result fixed bridges restrict the oper- 
ations few watercraft which have projections that cannot modified. 
The evidence should show how and what extent these losses are reflected 
overall transportation costs. 


This situation can illustrated developments concerning navigational 
clearances for highway bridges across the Potomac River. setting forth 
its requirements for inclusion the Commerce report, the Coast 
Guard pointed out that the craft normally uses for maintenance bouys 
the channel require vertical clearance feet. 


the public hearings held the Corps Engineers, May 10, 1955, 
concerning the reasonableness the 25-foot vertical navigational clear- 
ance proposed for the Constitution Avenue Bridge fixed structure, the 
District Columbia pointed out that inclusion movable span for ac- 
commodation craft requiring extreme vertical clearances would in- 
crease the construction cost the bridge $1,900,000. The record also 
revealed that similar increase construction costs, estimated 
$1,500,000, would expected the anticipated replacement structure for 
the Old Highway Bridge, movable span should required there. An- 
nual costs maintaining and operation the movable spans also would 
involved. 


The representative the Coast Guard this hearing advised that 

changing the type bouys the channel upstream from the proposed 
bridge, his agency could provide its services with craft that can accom- 
modated under the proposed bridge estimated increase its operat- 
ing costs $1,000 year, very nominal sum indeed. 


similar situation existed early this year with respect the application 
the State Minnesota for permit construct fixed bridge across 
the Minnesota River Trunk Highway No. (Lyndale Avenue). 
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Construction the bridge being financed with State and Federal-aid 

monies. When the application was being considered, the Second Coast 
Guard District recommended vertical clearance feet above pool 
elevation. According economic analysis made the Corps Engi- 

neers, the vertical clearance required the Coast Guard cutter serving 
the Minnesota River could reduced lowering the radio mast the 
craft. 


Since public funds pay both for highway bridges and for providing aids 
navigation, realistic nationwide evaluation this problem does affect 
the public interest. 


14. Seagoing vessels require lights which conform the International Rules 
the Road. International Rule refers the height such lights. 
Under this rule certain seagoing vessels capable navigating inland and 
intracoastal waterways having depth feet less are required 
display navigational lights heights feet above water. The num- 
ber craft this category, and related details, should made public. 

The rule reads: 


“These two white lights shall placed line with and over 
the keel that one shall least feet higher than the other and 
such position that the lower light shall forward the upper one. 
The horizontal distance between the two white lights shall least 
three times the vertical distance. The lower these two white lights 
or, only one carried, then that light, shall placed height 
above the hull not less than feet, and, the breadth the vessel 
exceeds feet, then height above the hull not less than such 
breadth, however that the light need not placed greater height 
above the hull than feet. all circumstances the light lights, 
the case may be, shall placed clear and above all other 
lights and obstructing superstructures.” 


Related Inland Rules read: 


“Art. steam vessel when under way shall carry—(a) 
the front the foremast, vessel without foremast, then the 
fore part the vessel, bright white light constructed show 

unbroken light over arc the horizon twenty points the com- 
pass, fixed throw the light ten points each side the vessel, 
namely, from right ahead two points abaft the beam either side, 
miles. 

“(e) seagoing steam vessel when under way may carry addi- 
tional white light similar construction the light mentioned sub- 
division (a). These two lights shall placed line with the keel 
that one shall least fifteen feet higher than the other, and such 
position with reference each other that the lower light shall for- 
ward the upper one. The vertical distance between these lights shall 
less than the horizontal distance. 

“(f) All steam vessels (except seagoing vessels and ferryboats), 
shall carry addition green and red lights required article two 
(b), (c), and screens required article two (d), central range 
two white lights; the after light being carried elevation least 
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fifteen feet above the light the head the vessel. The headlights 
shall constructed show unbroken light through twenty 
points the compass, namely, from right ahead two points abaft 
the beam either side the vessel, and the after light show 
all around the horizon.” 


Rule No. the Pilot Rules for the Western Rivers and the Red River 
the North requires that seagoing vessel underway shall carry lights 

required article International Rules, amended. Rule No. the 
former reads: 


“(a) steam vessel underway, except otherwise provided these 
rules, shall carry, addition side lights described rule (a), 
(b), and (c), central range two white lights, the after light being 
carried elevation higher than the light the head the vessel. 
The headlight shall constructed show unbroken light 
through twenty points the compass, namely, from right ahead two 
points abaft the beam either side the vessel, and the after light 
show all around the horizon. 

“(b) The lights for barges, canal boats, scows, and other vessels 
nondescript type, when tow steam vessels, and for ferryboats, 
shall prescribed the Commandant, United States Coast Guard.” 


Rules (a) and (e) the Pilot Rules for the Great Lakes and their con- 
necting and tributary waterways and the St. Mary’s River read: 


“Rule Except the cases hereinafter expressly provided for, 
steam vessel when under way shall carry: 

then the fore part the vessel, bright white light constructed 
show unbroken light over arc the horizon twenty points 
the compass, fixed throw the light ten points each side 
the vessel, namely, from right ahead two points abaft the beam 
least five miles. Such light shall greater height above the water 
than the side lights required subdivisions (b) and (c). 

“(e) steamer over 100 feet register length shall carry also, 
when under way, bright white light fixed throw the light all 
around the horizon, and such character visible dis- 
tance least three miles. Such light shall placed line with the 
keel least feet higher than, and more than feet abaft, the light 
mentioned subdivision (a) this rule; lieu thereof two such 
lights the same character and height herein described placed not 
over inches apart horizontally, one either side the keel, and 
arranged that one the other both shall visible from any angle 
approach.” 


15. conceivable that such cases telescopic mast telescopic tower 
might more practical than hinged mast. ascertain what can ac- 
complished here one need merely explore some the latest developments 
communications media. 


16. page the Commerce report, summary watercraft American 
registry (except fishing craft and pleasure craft) that use the Gulf Intra- 
coastal Waterway and the Mississippi River System—reveals that out 
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9,953 craft listed only 1,880—or percent the total—have fixed projec- 
tions feet more above water when the craft are light. Only 
watercraft—less than one percent the total—have fixed projections which 
extend feet more above water. According the Commerce report, 
page 85, the Department the Navy indicates needs vertical clearance 
feet across this waterway. page 90, the Coast Guard indi- 
cates its maximum feet, with lower clearances required certain 
portions the waterway. Yet, the minimum vertical navigational clear- 
ance for fixed bridges across the Gulf Intracoastal Waterway feet. 


The evidence demonstrates beyond question that the minimum standard 
vertical navigational clearance for bridges across this waterway intend- 
serve the extremes waterway traffic, including floating construc- 
tion equipment having extreme projections not essential for movement 
the craft. The evidence also shows this waterway con- 
cerned—only relatively few watercraft need studied detail ar- 
rive evaluation the effect lower vertical clearance for fixed 
bridges upon waterway transportation costs. Data concerning the number 
and characteristics fishing craft and pleasure craft operating these 
waterways also can and should obtained. 


Navigational Clearance Requirements for Highway and Railroad Bridges, 
op. cit., page 47, illustrates savings the City Chicago. Also see 


“Are Movable Spans Economically Justified,” The American City, Septem- 
ber 1955, pp. 152-154. 


The Commerce report, pp. 51-79, discusses feasible adaptations and the 
standardization equipment. 


Such study being suggested because proposals have been made the 
past that bridge might constructed across given waterway without 
regard navigational needs, the owner the proposed bridge would 
acquire the riparian rights owners lands contiguous the waterway 
and upstream from the proposed bridge. Summarized briefly, riparian 
rights give the owner land contiguous navigable waterway the 
right (a) reasonabie use the water passing his property; (b) the 
flow water past his property subject reasonable use other riparian 
owners; and (c) access the waterway, including use his banks and 
construction wharfs. These rights are subject paramount right— 
the public right navigation which, incidentally, not property right. 
would seem, therefore, that the Congress may extinguish the public 
right navigation given reach waterway without affecting the 
riparian rights landowner. This could accomplished grant 
authority construct bridge without regard navigational needs, 
formal declaration that the reach waterway not navigable (which 
automatically would permit construction bridge without regard 
navigational needs). From preliminary review court decisions 
subject, appears that under the Federal constitution there require- 
ment that landowner compensated because the public right naviga- 
tion front his property, downstream therefrom, has been extin- 
guished. 


The Lyndale Avenue Bridge, cited footnote No. example where 
similar method was used. 
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21. The relative merit such shift the location waterway terminal 
can recognized, for example, where the watercraft which require ex- 
cessive bridge clearances carry petroleum products. the cost estab- 
lishing and operating waterway terminal point below existing 
prospective bridges—downstream from established terminal—and the 
cost pumping petroleum products the upstream storage plant, are 
less than the bridge costs required for continued waterway movement 
these products craft which require excessive bridge clearances, ob- 
viously the bridge clearances should not required. 


situation illustrating this condition exists the Potomac River 
Washington, August 23, 1955, the Department the Army ap- 
proved the plans for construction the proposed Constitution Avenue 
Bridge fixed structure with vertical clearance 27.5 feet above 
mean low water. indicated footnote 12, this fixed bridge will cost 
about $1,900,000 less than movable span bridge this location. 
additional saving $1,500,000 construction costs can expected 
through proposed use fixed bridge the replacement for the old 
Highway Bridge, obsolete swing span. both instances the need for 
movable span operating and maintenance costs will eliminated. 


The vertical navigational clearance approved for the Constitution Avenue 
Bridge and proposed for the other structure will accommodate barges and 
tugs moving sand and gravel and certain types barges and tugs hauling 
petroleum products. However, the fixed structures will not permit pas- 
sage self-propelled barges and petroleum which heretofore 
navigated this reach the river. Testimony waterway interests the 
Corps Engineers hearing, held May 10, 1955, concerning this condition— 
and their statements that they must rely the latter type craft during 
adverse weather—led the suggestion that the relative merits down- 
stream waterway terminal and pipeline should explored. The merits 
the proposal this instance evident approval the Constitution 
Avenue Bridge. 


This illustration not intended suggest that the solution may apply 
solely waterway movement petroleum products. Nor intended 

suggest that the movement other products can shifted from water- 
way other transportation media readily and economically the 
movement petroleum products can shifted from waterway pipeline. 
Nevertheless, the illustration does describe area transportation re- 
lationships which needs careful study future bridge clearance decisions. 


22. For example, see Navigational Clearance Requirements for Highway and 
Railroad Bridges, op. cit., pp. 156-157, United States Codes, Sect. 


21-46. 


The Acts the 84th Congress declaring nonnavigable certain waterways 
Connecticut are intended facilitate economical construction differ- 
ent sections Greenwich Killingly Expressway across waterways hereto- 
fore deemed navigable. The enactments eliminate the need for consider- 
ing navigational clearances proposed highway structures. 


Public Law 152(S.1300) deciared nonnavigable approximately 500 feet 
arm Greenwich harbor. Most the area was unimproved and low 
tide only salt marsh flat. Under the terms the Act, the State 
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dredge nine-tenths acre different section the harbor com- 
pensate for similar area that fell within the harbor area and had 
abandoned. 


Public Law 151(S.1469) declared nonnavigable about 775 feet the im- 
proved channel the west branch Cedar Creed, part the Bridge- 
port harbor. also abandoned previously authorized Federal navigation 
project that involved channel feet deep and 100 feet wide. Establish- 
ment the new bulkhead and pierhead line resulted the loss naviga- 
tion rights some five firms. The Department the Army interposed 
objection the passage the Act provided land and riparian rights would 
acquired and navigational requirements eliminated. The State agreed 
acquire the riparian right all owners uplands which border the af- 
fected area. 


Public Law 289(S. 2514) declared about 2,100 feet the improved channel 
West River, part New Haven harbor, nonnavigable waterway. 
also authorized abandonment the Federal navigation project, which had 
channel feet deep with width ranging from feet 150 feet. Estab- 
lishment the new bulkhead and pierhead line resulted loss naviga- 
tion rights one firm, which shipped cargoes 1953, totaling 1,600 
tons, and cargoes 1954, totaling 2,000 tons. About $46,000 had been 
expended improvement and maintenance the portion the channel 
being abandoned. The State acquired title all upland properties having 
riparian rights. 


Public Law 169(S. 1250) 84th Congress, declared Pike Creek above the 


easterly side the highway bridge Sixth Avenue, Kenosha, Wisconsin, 
nonnavigable stream. The enactment has enabled the city reclaim 
and develop about 1/2 acres for commercial purposes and permit ex- 
tension major business street across the filled area. The Department 
the Army interposed objection the bill. 


Public Law 34(H.R. 1816) 84th Congress, declared nonnavigable the portion 
the tidewaters Fort Point Channel and South Bay, Boston, Massachu- 
setts, which lies above the highway bridge Dorchester Avenue. This law 
permits construction the John Fitzgerald Expressway across these 
waterways without drawspan and permanent closure three existing 
movable bridges over these waters. The legislation was requested the 
Massachusetts Department Public Works and was prepared coopera- 
tion with the Corps Engineers. According the Massachusetts public 
works commissioner, only negligible amount waterborne traffic had 
been using this waterway and the navigational facilities therein were great- 
dilapidated. 


The waterway was used principally the City Boston, for refuse dis- 
posal scows. The city planning refuse-disposal facilities that will not 
require use the scows. two other current users the waterway, one 
was lumber company that received only boatloads annually, and 
the other was scrap iron dealer having about two waterway shipments 
year. 
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addition unreported savings that would have been expended for con- 
structing and maintaining movable span bridges (or high-level bridges) for 
accommodation navigation, closure the existing drawbridges saves 
about $150,000 annually. interest rate percent per annum, the 
latter sum would require investment $5,000,000. 
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JOURNAL 
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Proceedings the American Society Civil Engineers 


BRIDGE CLEARANCE: PROBLEM NEEDS REALISTIC APPROACH 


William Cleary! 
(Proc. Paper 937) 


FOREWORD 


This paper one group five concerned with certain phases the 
physical characteristics bridges crossing waterways they affect water 
and land traffic. All were presented the Annual Convention the ASCE 
New York October 24, 1955. 

The symposium arose from concurrent growing awareness the part 
engineers concerned with waterway, highway, and railroad traffic the need 
for rationalizing any extreme views appropriate navigation clearances. 
the first these papers “Bridge Clearances: Policies and Practice” 
(Proc. Paper 935) Eugene Weber traces the evolution the bridge- 
clearance problem and discusses existing law and practice toward realization 
reasonable clearance requirements from the standpoint all affected forms 
transport. “Bridge Clearances: The Interest the Bureau Public 
Roads” (Proc. Paper 936) Walter Kurylo presents the view that navigation 
clearances bridges should based the least overall cost the public 
and studies should made determine the most economic solution. William 
Cleary “Bridge Clearances: Need for Realistic Approach” (Proc. Paper 
937) states the position the waterway operators opposed “standard 
clearances” and emphasizes the need for cooperative and reasonable ap- 
proach the problem. The paper “Bridge Clearances: The Operator’s 
View” (Proc. Paper 938) Caruthers, emphasizes the importance 
navigational clearances rational economic development and water trans- 
portation, and stresses the need cooperative and realistic approach the 
problem. The last paper Dittbrenner “Bridge Clearances: Problems 
Northeastern United States” (Proc. Paper 939) describes the industries, 
resources, and transportation and their proper coordination and integra- 
tion. 

With impending national highway program unprecedented magnitudes 


Note: Discussion open until September 1956. Paper 937 part the copyrighted 
Journal the Waterways and Harbors Division the American Society Civil 
Engineers, Vol. 82, No. April, 1956. 

Executive Vice-Pres., The New York Tow Boat Exchange and Harbor Car- 
riers the Port New York, New York, Y.; also Regional Representa- 
tive, North Atlantic Region, The American Waterways Operators, Inc. 
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these papers have timely significance their effect upon adequacy clear- 
ances and cost bridge construction. 


SYNOPSIS 


Operators craft the inland waterways the United States recognize 
the need for practical approach the problem bridge clearances and de- 
sire cooperate arriving satisfactory solutions. The author cites the 
agreement reached between navigational and other interests, relative clear- 
ances along the Connecticut Expressway, example. feels that any 
standardized formula applied all waterways would jeopardize waterborne 
commerce and that each crossing should considered its own merits. 


The operators towboats, barges and shallow-draught motor tankers 
the more than 28,000 miles navigable rivers, harbors and canalized inland 
waterways the United States clearly recognize the urgent need for prac- 
tical and realistic approach navigation interests the problem horizon- 
tal and vertical clearances railroad and highway bridges constructed over 
those waterways. 

While the construction railroad bridges has remained fairly static 
recent years, the tremendous increase the number licensed motor ve- 
hicles, both for commercial and pleasure purposes, has necessitated very 
comprehensive highway building program, with resultant number river 
crossings constructed incident thereto. 

have most certainly become “Nation wheels,” and, indeed, Nation 
“high speed wheels.” All over the Country see the relocation and im- 
provement trunk highways and feeder roads. More particularly note the 
construction State after State the so-called “Turnpikes,” “Thruways” 
“Expressways,” which are toll roads constructed without the aid Federal 
funds. 

These “Expressways” are geared high speed, uninterrupted flow 
vehicular traffic. The thoughts drawspan over navigable waterway 
any point arterial high-speed road brings shudders the engineers 
who quite naturally envision only fixed bridges accommodate heavy densi- 
traffic pattern moving swiftly and without interruption. 

With fixed bridges being the “order the day,” the inevitable controversy 
arises between the navigation interests who seek clearances considered ade- 
quate and reasonable for the present and future needs water-borne com- 
merce, and the agencies responsible for the design and construction the 
bridges who are naturally seeking reduce costs and minimize engineering 
difficulties. 

The navigation interests have the past been charged with being reac- 
tionary and arbitrary their thinking regard demands for excessive 
and unwarranted vertical and horizontal bridge clearances. While may 
true that isolated cases there may have been some unrealistic and selfish 
thinking the part individual vessel operators, hold that Organizations 
such ours who represent the marine industry collectively have creditable 
record along these lines, particularly recent years. 

Our people well realize that each additional foot clearance, especially 
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vertical clearance, adds very substantially the cost the construction 
any bridge and may well add considerably the complexity the engineering 
problems solved putting the bridge. 

are totally sympathetic with the desire the designers and construc- 
tors these bridges hold such costs and engineering difficulties the ir- 
reducible minimum. 

However, the public right navigation, i.e., the right proceed from 
place place water without unreasonable interference, has been clearly 
recognized statute, practice and custom since the earliest days our 
Country. The proper exercise this inalienable right just much the 
public interest the economical construction highway and railroad 
bridges. 

The ever increasing awareness industry the benefits cheap water 
transportation raw materials and finished goods has resulted tremen- 
dous upsurge the construction industrial plants, powerhouses and fac- 
tories along the banks navigable waterways, particularly the great mid- 
continent area. 

industry grow and prosper, with resultant benefits all the people, 
must not throttled unreasonable restrictions upon waterborne move- 
ments raw materials and finished products. 

While all efforts have been made keep this presentation general and non- 
technical nature, think harm point out that traffic the inland 
waterways has been built agricultural and industrial shippers bulk 
cargoes (fuels, basic raw materials and products) the point where the 
eleven principal navigation channels are saving the shippers transportation 
costs more than double the total amortization the cost construction, 
interest the nation’s investment the channels and, the cost main- 
tenance and operation. One channel reports ratio benefits costs 
14.8 one. 

find the following ratios benefits costs prevailing eleven princi- 
pal waterways. (For example, the benefit cost ratio 14.8 the Gulf 
Intracoastal Waterway indicates the benefits are the equivalent 14.8 times 
the annual charges for interest, amortization, maintenance and operation 
1953.) 


Ratio Benefits 


Costs Counting Costs 
1953 1948 


Gulf Intracoastal Waterway 14.8 13.5 
Lower Mississippi River 9.5 

Monongahela River 9.4 14.5 
Waterway 8.1 5.7 
Ohio River 7.3 4.1 
Middle Mississippi River 4.4 3.4 
Cumberland River 3.6 1.8 
Warrior-Tombigbee Waterway 3.1 1.9 
Kanawha River 2.9 1.9 
New York State Barge Canal System 2.2 2.2 
Upper Mississippi River 2.1 1.4 
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This computation was based, the Army Corps Engineers, direct 
transportation costs the difference between economical barge 
rates and the rates competing carriers. Not included were additional sav- 
ings shippers through water-compelled railroad freight rates, which are 
lower than the rail rates would barge competition did not exist. Another 
economy for the shipper effected barge transport the differential 
handling costs bulk commodities. easier, cheaper and faster load 
unload one 1000-ton coal barge than twenty-five 40-ton coal cars one 
oil barge than 100 ten-thousand-gallon tank cars. 

The tug, barge and shallow-draught motor tanker operators have indeed 
been endeavoring cooperate wholeheartedly with railroad and highway in- 
terests effort amicably work out reasonable and mutually acceptable 
vertical and horizontal navigational clearances new bridges. 

are glad say that these efforts have proven very successful and, with 
increasingly greater understanding and recognition all interests the 
problems the other parties involved, look forward enlightened and 
constructive approach these problems the future. 

The vessel operators the northeastern part the United States have 
reason point with pride their record such matters, particular and 
timely example which might well noted the series compromises 
leading the fixing agreement all navigational clearances the many 
fixed bridges spanning the numerous rivers with high marine traffic density 
pattern along the route the $400,000,000 Connecticut Expressway, now 
the process construction. 

The cooperative and reasonable approach this matter the navigation 
interests, acting through the Organizations which the writer has the honor 
represent, has been categorically acknowledged through laudatory letters re- 
ceived from the Commissioner the Connecticut State Highway Depart- 
ment. 

Much has been accomplished through this laudable, perhaps new-found 
spirit cooperation between the navigation interests and the bridge builders, 
but admittedly much still remains done. 

Vessel owners have been earnestly exploring the possibilities the modi- 
fication the physical characteristics their vessels provide for 
the retraction, where feasible, fixed projections above the normal super- 
structure tugs, barges and motor tankers reduce the vertical 
clearance requirements. 

This theory sounds absurdly simple and, those unfamiliar with the 
practical aspects vessel construction and operation, the caution with which 
the navigation interests have approached this matter appears border the 
reactionary. 

However, when one takes long look the myriad difficult problems 
involved industry-wide program structural modification the physi- 
cal characteristics vessels, the matter cannot dismissed lightly. 

Historically, the waterway transportation people have operated slen- 
der margin profit order attract the freight which they are inherently 
best capable transporting. High shipyard costs such widespread modi- 
fication program could very well very serious factor the competitive 
picture. 

fact, despite the claims objectivity made some those clamoring 
for reduction navigational clearances being the so-called “public 
interest,” may very well that the real reason behind their apparent 
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altruism self-serving attempt boost the cost water transportation 
through additional construction and operational requirements the eventual 
benefit the competing forms surface transportation, but also the det- 
riment the shipper and consumer. 

Leaving the cost factor aside, very grave doubts have arisen the minds 
many responsible and progressive vessel operators the safety col- 
lapsible and retractable masts, radar antenna and other navigational appur- 
tenances required when vessel operated interchangeably “inland” and 
“off shore” commerce. 

The regulations, both statute and promulgation, covering the display 
certain lights are rigid and inflexible make the heights light- 
supporting masts entirely beyond the control the vessel owner. 

With vessels operating alternatively under “inland” and “international” 
rules, interesting note the official position the United States Coast 
Guard this matter. 

The Coast Guard comment, which speaks for itself, follows: 


“It might possible design, modify, adjust vertical fixtures extend- 
ing above the superstructures watercraft, however, may not prac- 
tical safe for masts, radars, smokestacks, kingposts, antennas, etc., 

“The possibility also exists that the vessels, after such alterations, might 
violate certain provisions the statutory international and inland Rules 
Prevent Collisions Vessels, which require that navigational lights 
water-craft placed certain specified heights. Vessels altered ac- 
with (the) conclusions *****, while operating night might 
required alter the normal position their navigational lights order 
pass beneath overhead obstruction. This would technical viola- 
tion the aforesaid Rules. event collision such case, quite 
possible that civil liability would predicated the failure show 
proper navigational lights the time casualty.” 


A 


However, the interests good cooperation, the marine industry not 
overlooking any possibilities along these lines and are glad report that 
considerable progress has already been made lowering fixed objects, either 
permanently retraction, minimize vertical clearance require- 
ments. 

The problems solved bridge construction clearances vary 
markedly with the location the structure, the nature and volume the traf- 
fic the waterway and other local conditions that feel that each crossing 
must considered its own merits, practice long followed the Corps 
Engineers, Army, granting applications for the construction any 
bridge over navigable waterway. 

The navigation interests are definitely and unalterably opposed the set- 
ting constrictive so-called “standardization” formulae, which, while 
seemingly inoccuous the surface, would lethal weapon pointed the 
throat waterborne commerce. 

pledge cooperative and reasonable approach the whole problem 
navigational clearances, but feel such matters should continue, the past, 
determined through the machinery set the Corps Engineers. 

The policies the Corps, more particularly set forth the “STATE- 
MENT POLICY, PRACTICE AND PROCEDURE BRIDGES,” issued un- 
der date November 3rd, 1954 the Office the Chief Engineers, 
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Department the Army, Washington, C., act continuing safeguard 
the rights navigation and other forms surface transportation alike, with 
resultant benefits all the people the United States. This statement 
policy given Appendix this paper. 


if 
Po 
‘ 
“fl 
fy 


CLEARY 
APPENDIX 


DEPARTMENT THE ARMY 
OFFICE THE CHIEF ENGINEERS 
WASHINGTON 25, 


November 1954 


BRIDGES 
STATEMENT POLICY, PRACTICE AND PROCEDURE 


The purpose this statement set forth the policy, practice and pro- 
cedure the Corps Engineers administering Federal laws governing the 
construction bridges over navigable waters, establish clear and mutual 
understanding among all interested parties, and serve basis for coop- 
eration achieving fair and reasonable application the laws. 


Paramount Right Navigation. essential that there clear 
derstanding the distinction between the paramount right navigation and 
what has sometimes been termed the paramount right vessels over land 
traffic, but which actually the public right navigation. 


Insofar the subject bridging navigable waters concerned, distinc- 
tion must clearly drawn between, first, the paramount right navigation 
against the right property, and second, the public right navigating 
against transportation any other means. Both will discussed below and 


will seen that the first has little relation the subject. The sec- 

ond is, course, pertinent and clear and mutual understanding the mat- 

ter greatest importance establishing common ground approach 
the problem constructing bridge over navigable water. There are both 
public and private rights navigable waters and the beds those waters— 
the right navigation and the right property. the settled law this 
country that the States own the beds navigable waters unless they have been 
granted away, and that this title held subject the paramount right navi- 

gation, the regulation which, respect interstate and foreign commerce, 

has been granted the United States Article section the Constitu- 

tion. The public right navigation right way passage. public 
right the right which every one the public has from place place 
water without any unreasonable interference the part any person. The 

only absolute element the right reasonable opportunity reach ob- 

jective point. 


Although the public right navigation takes precedence over the private 
right property, transportation water does not take precedence over and 
not paramount transportation any other means. this point the 
Supreme Count the United States The State Pennsylvania, complainant, 
The Wheeling-Belmont Bridge Company (13 Howard 518) said “The right 
navigating the Ohio River any other river our country, does not neces- 
sarily conflict with the right bridging it. But these rights can only main- 
tained when they are exercised not incompatible with each other. 
their improper exercise, and not their nature, that any incompati- 
bility exists.” And Escanaba Company Chicago (107 U.S. 678) “It (the 
complainant) insists that the navigation the river and its branches should 
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not thus delayed; and that the rights commerce vessels are para- 
mount the rights commerce any other way. But this view the com- 
plainant error. The rights each class are enjoyed without in- 
vasion the equal rights others. Some concession must made every 
side for the convenience and the harmonious pursuit different occupations.” 


The duty the Department under Federal law prevent unreasonable 
obstructions navigation, and performing this duty the Department 
acutely aware that must weigh all conflicting interests and have respect for 
the cost things. 


Navigable Waters. The navigable status stream question fact 
which can conclusively determined only the Courts. The Corps not 
the judge navigability, but can and does exercise proper discretion 
acting upon applications for permission place structures over waters 
that may legally navigable but not actually navigated. The Corps has 
desire burden itself with the consideration cases which navigation 
has interest, nor require clearances for navigation where navigation 
exists. such cases the Corps generally advises clearances con- 
sidered desirable for the safety the bridge during high water stages. 


Public Hearings Bridge Applications. Under long established policy, 


the Corps Engineers issues public notice every application. the 
waterway important, opposition develops, public hearing held. 
Frequently conference opposing interests held District Engineer 
order work out mutually agreeable compromise. The hearings are 
informal, one subjected examination cross-examination, and while 
the public record supplemented the Department’s studies, perceptions 
and judgments, the greatest reliance placed the evidence obtained 
public hearing. The Corps aware its serious responsibility approving 
the location and plans bridge. realizes the cost things, and con- 
scious the fact that the injury, there one, either land water in- 
terests, permanent the work authorizes requires. insure the 
rendering fair and impartial decisions the Corps maintains and develops 
records, data, and statistics with trained personnel, but has always sought 
the views all interests affected. 


order develop the greatest value from public hearings and records 
the following must observed: 


The decision whether hearing should held should made 
only after consultation with the applicant and principal navigation interests. 


The facts determined the District Engineer from his preliminary 
investigation the application and site the bridge should presented 
the hearing for scrutiny, testing, rebuttal interested parties. 


While direct examination cross-examination occurs all parties 
should encouraged direct any question the presiding officer for re- 
lay order develop pertinent facts. 


The presiding officer should make every effort have controversial 
points fully evidenced and developed either the hearing supple- 
mentary letters, statements, briefs. 


Any supplementary evidence received after hearing should fur- 
nished the opposite side for information and any desired comment. 
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Emphasis should placed factual and public discussion con- 
troversial issues, notably the requirements extremes navigation such 
extreme vessel heights involving limited number craft, and naviga- 
tion extreme river stages. 


Whenever possible the effect any point issue should estab- 
lished terms costs and benefits occasioned the opposing interests 
permit determination the reasonableness demands proposals. 


Finally, the hearing should open discussion not only maximum 
clearances, but also any lesser clearances that might found practical. 


Finding Fact. The final decision the Department represented 
the instrument approval, denial application. Preparation 
opinions findings fact have not been the practice, because, although 
hearings are held, they are part investigatory process and decisions 
rest upon the whole investigation rather than merely upon that portion 
embraced the hearing. 


Notwithstanding the above, some bridge owners have expressed the feeling 
that issues invariably have been resolved favor navigation. The record 
does not support this, but the misapprehension appreciated and can re- 
solved preparation Findings Fact accompany decisions any 
controversial case. 


The requirement opinion will provide considerable assurance all 
that the case will thought through the deciding authorities. There 


salutary descipline formulating the basis for result, discipline that 
might absent where there freedom announce naked conclusion. Er- 
ror and carelessness must eliminated the opinion-shaping process. 

The exposure public scrutiny and criticism healthy. The parties 
proceeding will better assured they are enabled know the basis the 
decision affecting them. 


The Findings Fact will prepared the District Engineer and will in- 
clude the factual matter now contained his present form report well 
the basis for action recommended. The Findings Fact will attached 
and part each instrument denial, and should furnished any 
interested party upon request. 


Standard Bridge Guide Clearances. From time time, boards have 


been created study and recommend standard clearances for waterway, 
group related waterways. The procedure each case has been the same: 
public hearing afford all interested parties opportunity heard, 
the collection all available data and consideration prospective develop- 
ment the region. The purpose the clearances thus established fur- 
nish guide not only bridge owners bridge planning, but also naviga- 
tion interests for standardization their equipment. 


the policy the Chief Engineers maintain, revise whenever 
necessary, and extend the present system cover far practical and 
necessary all navigable waters the United States. the process, bridge 
owners, navigation interests, state waterway officials, port authorities and 
State and local governments will consulted and requested take active 
part. The aim will coordinated waterway, river basin, and nation wide 
system with minimum number standard guide clearances. 


= 
a 
iJ 
‘a 
A, 
& 
a 
= 
ve 


937-10 April, 1956 


Drawbridge regulations. Existing Federal law authorizes the Secretary 
the Army prescribe such rules and regulations “the public interests 
require” govern the operation drawbridges (33 U.S.C. 499). the ab- 
sence such regulations drawspan required opened promptly upon 
signal from vessel. Regulations prescribed the Secretary the Army 
are contained Part 203, Title the Code Federal Regulations and 
also published the Corps Engineers. 


practice, applications have been received from owners drawbridges, 
where the bridge logs show comparatively few intermittent openings, re- 
questing regulations for limited operation the drawspans such openings 
only advance notice, restricted openings during observed slack off- 
navigation seasons. The public interests are determined public notice and 
hearing supplemented investigation vessel and land traffic, known bridge 
openings, and the effect limited drawspan operation both types traffic. 
Some 700 drawbridges now have regulations allowing limited operation which 
have proved meet adequately the needs navigation and the same time 
have served expedite land traffic and permitted substantial savings 
bridge owners. 


survey all drawbridges over navigable waters recently made the 
Corps Engineers shows the following: 


Number highway drawbridges 
Number railroad drawbridges 745 
Number combined highway and railroad drawbridges 
Total 


Number drawbridges not opened 1953 
Number above 424 not covered regulations 


The reasons for non-use the drawspans were found many and varied, 
but can summarized due changes types craft; decline ship- 
building and repair yards above bridges; decline industries such logging; 
development land transportation replacing water transportation; and shift- 
ing water-borne commerce other ports and waterways. general, the 
history these drawbridges shows that the main they served their purpose 
and are now obsolete changing economy. analysis the ages these 
bridges shows that almost one-half are years old, and 85% are more than 
years old. 


Full information not available whether there any actual operating 
cost involved the drawbridges not now required opened opened on- 
infrequently, but District Engineers will take the initiative advising 
bridge owners the law and that the Department prepared accept and 
will take prompt action any request for the adoption special bridge 
operating regulations. Semi-annual review movable bridge operations will 
made District Engineers insure that the full potentialities special 
bridge operating regulations are developed for the benefit the public. 
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JOURNAL 
WATERWAYS AND HARBORS DIVISION 


Proceedings the American Society Civil Engineers 


BRIDGE CLEARANCES: THE OPERATOR’S VIEW 


Caruthers! 
(Proc. Paper 938) 


FOREWORD 


This paper one group five concerned with certain phases the 
physical characteristics bridges crossing waterways they affect water 
and land traffic. All were presented the Annual Convention the ASCE 
New York October 24, 1955. 

The symposium arose from concurrent growing awareness the part 
engineers concerned with waterway, highway, and railroad traffic the need 
for rationalizing any extreme views appropriate navigation clearances. 
the first these papers “Bridge Clearances: Policies and Practice” 
(Proc. Paper 935) Eugene Weber traces the evolution the bridge- 
clearance problem and discusses existing law and practice toward realization 
reasonable clearance requirements from the standpoint all affected 
forms transport. “Bridge Clearances: The Interest the Bureau Pub- 
lic Roads” (Proc. Paper 936) Walter Kurylo presents the view that navigation 
clearances bridges should based the least overall cost the public 
and studies should made determine the most economic solution. William 
Cleary “Bridge Clearances: Need for Realistic Approach” (Proc. Paper 
937) states the position the waterway operators opposed “standard 
clearances” and emphasizes the need for cooperative and reasonable ap- 
proach the problem. The paper “Bridge Clearances: The Operator’s View” 
(Proc. Paper 938) Caruthers, emphasizes the importance naviga- 
tional clearances rational economic development and water transportation, 
and stresses the need cooperative and realistic approach the problem. 
The last paper Dittbrenner “Bridge Clearances: Problems North- 
eastern United States” (Proc. Paper 939) describes the industries, resources, 
and transportation and their proper coordination and integration. 

With impending national highway program unprecedented magnitudes 
these papers have timely significance their effect upon adequacy clear- 
ances and cost bridge construction. 


Note: Discussion open until September 1956. Paper 938 part the copyrighted 
Journal the Waterways and Harbors Division the American Society Civil 
Engineers, Vol. 82, No. April, 1956. 


Asst. the Pres., Commercial Transport Corp., New Orleans, La. 
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SYNOPSIS 


Marine interests have become increasingly aware the problem bridge 
clearances across navigable waterways and recognize the need for realistic 
its solution. The increasing amount waterways traffic, the 
larger sizes tows, safety operations and statutory requirements com- 
bine prevent the adoption set standards for bridge clearances. The 
author develops these points illustrate his thesis that each crossing should 
considered its own merits. 


For number years marine interests have become increasingly aware 
the ever growing and pressing problem relating bridge clearances 
across navigable waterways. The need for realistic approach navigation 
interests meet this issue clearly recognized. 

the beginning, may appropriate admit that the past some 
marine operators have plead for excessive bridge clearances. ascertain 
just what mistakes may have been made twenty-five orforty years ago 
engage hindsight and afterthought and analysis the circumstances and 
facts that prevailed the time the decisions with respect such bridge 
clearances were made. 

Much has been said about the continuous and ever increasing growth 
land transportation. This growth matter record and with has come 
the obvious demand for extensive highway and bridge building program. 

equally true that the inland waterway industry has experienced phe- 
nomenal growth during the last few years. Despite the fact that waterway 
transportation the oldest form transportation; the waterway transporta- 
tion industry, know today, still youth. The waterway indus- 
try has provided service geared the modern needs the great industries 
mushrooming all along our waterway system. particularly adapted 
the efficient, economical movement the BIG LOAD. 

Inland waterways tonnage throughout the nation has shown remarkable in- 
creases from nearly seventeen billion ton miles, excluding the Great Lakes 
area 1937, roughly ninety billion ton miles this year. While the national 
economy expands the average rate per annum, the waterways traffic 
has increased 15% year since 1946. 

The need for greater efficiency has produced new innovations. The size 
vessels has been tripled since the period the great depression. Tows 
longer than the Queen Mary are now plying our inland waterways. ob- 
vious, therefore, that the subject bridge clearances poses serious prob- 
lem navigation interests and the general public. unrealistic approach 
the problem cannot only greatly hamper present waterway operations, but 
could very well prevent the development and advent the most economical 
form mass water transportation entire areas. 

Navigation interests are irrevocably opposed the inauguration set 
standards with respect bridge clearances. believe any such attempt 
wholly unrealistic and impracticable. Back 1948, the Corps Engi- 
neers established general standard apply new construction and re- 
placement bridges across the Gulf Intracoastal Waterway feet verti- 
cal and 125 feet horizontal, but with the definite understanding that such 
standards were considered merely guide since each application 
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should considered its own merit. wholly concur the belief that 
every bridge must considered its own merit. 

example, the waterway Operators recently went record ap- 
proving fixed bridge across the Gulf Intracoastal Waterway with vertical 
clearance feet. This clearance was approved the premise that there 
reasonable alternate route available for the movement heavy lift and 
maintenance equipment. One problem presents itself when alternate route 
available for such equipment and quite another when there only one ac- 
cess the area involved. quite true that the percentage this type 
equipment quite small, but this small percentage primary importance 
our industry. Such facilities are for the waterway industry what the fire 
engines and ambulances are the cities which live. sinking ina 
waterway may well completely obstruct important channel and are de- 
pendent this type operation such emergencies. The intensive offshore 
oil drilling program the Gulf Coast Area necessitates the movement 
heavy equipment. would the height folly permit the construction 
low fixed bridges that would hamper this important operation. Similar situa- 
tions may well exist various other areas our nation. 

Let’s take look the progress made the relatively new Gulf Intra- 
coastal Waterway which reports the highest ratio benefits costs any 
waterway our nation. was not until 1929 that the Engineers started dig- 
ging the Canal Louisiana. was not until June 1949 that the last link 
from Corpus Christi, Texas, Brownsville, Texas, was completed. was 
optimistically estimated that this Canal would ultimately develop five million 
tons traffic per annum. This little ditch transported nearly forty-four 
million tons 1953. World War caused interruptions work many pub- 
lic projects, but was responsible for the enlargement this Canal. While 
tankers were being sunk sight the coast enemy submarines, Navy 
vessels and military cargos flowed uninterrupted safe from attack. order 
meet the needs national defense, the dimensions the waterway were 
increased from feet 100 feet feet 125 feet 1942. The need for 
enlarging the Canal feet 300 feet now being studied the Corps 
Engineers. concluded fact that low fixed bridges had been permitted 
built across the Gulf Intracoastal Waterway, could never have devel- 
oped the industrial and economical potential that today. Some sections 
this coast have been transformed from virtual wilderness indus- 
trial empire. 

understood that the combination horizontal and vertical navi- 
gational clearances that increase bridge costs. believe generally un- 
derstood that the horizontal clearance for safe navigation depends the 
location bridge. far horizontal clearance concerned, safe navi- 
gation depends such factors the width and depth waterway, currents 
considerable velocity whether the waterway traverses open waterways 
such lakes, bays and sounds, wind action, and various other factors. 
obvious, therefore, that every bridge application should carefully scruti- 
nized and that horizontal clearances should determined the channel con- 
ditions prevailing particular location. 

The report prepared the Office the Under Secretary Commerce 
for Transportation entitled “Navigational Clearance Requirements for High- 
way and Railroad Bridges”—February 1955, appears primarily con- 
cerned with the problem vertical clearances for fixed bridges. Navigation 
interests would certainly prefer fixed bridges provided such structures 
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not unreasonably obstruct navigation. Particularly this true such con- 
fined waterways the Gulf Intracoastal Waterway where such facilities may 
built with the piers placed the banks the channel. 

the question fixed structures over navigable waterways, must take 
into consideration that the clearances afforded are those may have live 
with for the next three-quarters century. stated previously, tows have 
increased enormously within the last few years. The most important tool 
pilot’s command his vision and his ability judge distance. way 
illustration, operating small tow 600 feet length, when towing empty 
house barges protruding feet above the waterline with the pilot house 
feet height, the channel buoys will disappear from sight 540 feet ahead 
the tow. This same tow, with the pilot house feet above the waterline, the 
buoys will disappear from the line vision 355 feet ahead tow. the 
operation tow 1000 feet length (longer tows are being operated), when 
the pilot house feet height, the vision disappears 865 feet ahead the 
tow and when feet height, the pilot loses sight the buoys 595 feet ahead 
the tow. The effectiveness radar coincides with the line vision. 

Much attention has been given the feasibility adjusting water craft 
projections such radio and radar antennas, masts and other navigation ap- 
purtenances. Some these problems may readily solved. Others con- 
fronting present maze difficulties. For example, the display lights 
covered statute and this question can only solved legislative action. 
The safety factors involved such adjustments deserve the most careful 
scrutiny. These problems are being earnestly explored the Operators. 

The impressive record the Corps Engineers needs embellishment 
here. earnestly believe that theirs the only agency qualified long 
years experience capably administer Federal laws governing the con- 
struction bridges over navigable waters. 

the sincere desire the Operators cooperate the fullest extent 
working out amicable and mutually satisfactory solution this impor- 
tant problem. Much has been accomplished this direction; particularly, 
since the organization just ten years ago last August The American Water- 
ways Operators, Inc., the National Association the towboat and barging in- 
dustry. Bridge Committees have been functioning this Association, well 
other associations, deal with this problem various areas throughout 
the nation and arrive realistic approach bridge clearances. 

conclusion, should emphasized that much has already been accom- 
plished virtue meetings attended waterway operators and Department 
Highway officials various states with respect this subject. be- 
lieved that the realistic approach this problem encourage, and can 
only achieved, this cooperative action the part all concerned, with 
all parties approaching the subject with open mind. These Committees, 
representatives these various organizations, will more than happy 
meet with Highway Department officials representatives any other in- 
terested agencies parties involved. 

response one offer cooperative action, prominent State Bridge 
Engineer replied follows: 


“Certainly any effort approach this problem with attitude under- 
standing and mutual respect both sides cannot help but beneficial 
both our respective organizations.” 
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FOREWORD 


This paper one group five concerned with certain phases the 
physical characteristics bridges crossing waterways they affect water 
and land traffic. All were presented the Annual Convention the ASCE 
New York October 24, 1955. 

The symposium arose from concurrent growing awareness the part 
engineers concerned with waterway, highway, and railroad traffic the need 
for rationalizing any extreme views appropriate navigation clearances. 
the first these papers “Bridge Clearances: Policies and Practice” 
(Proc. Paper 935) Eugene Weber, traces the evolution the bridge- 
clearance problem and discusses existing law and practice toward realization 
reasonable clearance requirements from the standpoint all affected 
forms transport. “Bridge Clearances: The Interest the Bureau Pub- 
lic Roads” (Proc. Paper 936) Walter Kurylo presents the view that navigation 
clearances bridges should based the least overall cost the public 
and studies should made determine the most economic solution. William 
Cleary “Bridge Clearances: Realistic Approach” (Proc. Paper 
937) states the position the waterway operators opposed “standard 
clearances” and emphasizes the need for cooperative and reasonable ap- 
proach the problem. The paper “Bridge Clearances: The Operator’s 
View” (Proc. Paper 938) Caruthers, emphasizes the importance 
navigational clearances rational economic development and water trans- 
portation, and stresses the need cooperative and realistic approach the 
problem. The last paper Dittbrenner “Bridge Clearances: Prob- 
lems Northeastern United States” (Proc. Paper 939) describes the indus- 
tries, resources, and transportation and their proper coordination and 
integration. 

With impending national highway program unprecedented magnitudes 


Note: Discussion open until September 1956. Paper 939 part the copyrighted 
Journal the Waterways and Harbors Division the American Society Civil 
Engineers, Vol. 82, No. April, 1956. 

Highway Engr., Bureau Public Roads, Dept. Commerce, Div. 
Albany, 
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these papers have timely significance their effect upon adequacy clear- 
ances and cost bridge construction. 


SYNOPSIS 


This paper cites the development transportation northeastern United 
States, particularly New England and New York, and indicates the importance 
navigation the area whole, and the role that navigation clearances 
play the integration the several media transportation. Specific ex- 
amples are given marine architecture adopted minimum clearances, 
others are cited where regulation could further used for public benefit. 
The ineffectiveness zoning view the present concept navigation 
rights illustrated, shown that clearance problem wherever naviga- 
tion and land transport exist, and the need for more complete study all 
waterways and watercraft leading determination clearances and navi- 
gability are indicated. 


INTRODUCTION 


evident from the preceding papers that there are great differences 
opinion, and various shades evaluation the many facets involved the 
problem. well remind ourselves occasionally that when approach 
matter from different point view, see things differently, and not un- 
commonly see different things. Only this way can all the facts brought 
out for examination order serve basis for objective consensus. 

the writer’s view, that navigation clearances are great importance 
because the role they play integrating the several media transporta- 
tion for the most economical overall cost the public. They are part the 
transportation problem. Being so, perhaps brief resume transportation 
the northeastern states—generally New England, New York, and New 
Jersey—will value. great deal our transportation has developed 
this area; its history can illustrate many things interest our problem. 


Importance Navigation 


The ports this area dominate the shipping the Atlantic Ocean, 
which 80% the world’s shipping found. These ports handle one-third 
all the waterborne tonnage the nation—inland rivers, the Great Lakes, 
coastal, intra-harbor and foreign; and more than half all the tonnage all 
the nation’s seaports. This graphically illustrated the chart 
Figure where the width the traffic route shown indicates the amount 
shipping using that track. 

The region has seaport tidewater 150 miles inland giving access 
that portion the “water level route” which the first break through the 
Appalachian Mountain system north its southern end, and traditionally the 
most important route from the eastern seaboard the hinterland. Aside 
from these, there are few important inland waterways the Region other 
than estuaries, but its history and present economy are intimately interwoven 
with navigation all its phases. Nowhere navigation more important. The 
region traditionally has been the nation’s workshop, rather sparingly blessed 
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Fig. Traffic Atlantic Ocean From Report New 
New York Inter-agency Committee, 1955. 
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with the natural resources for that shop, except waterpower, and hence very 
sensitively concerned with all transportation distribute its products. 


Transition and Development Transport Media 


The population density the area high. From the tower the Empire 


State Building Manhattan you can see the habitat 10% the nation’s popu- 


lation. Here, anywhere, are enough people use all forms transporta- 
tion sufficiently justify them; indicate the proper place each form 
transportation the integration which will best serve the public; and illus- 
trate the conflict between them for space, clearance, and operation. 

New England claims and probably deserves the right called the 
“Mother American Railroads.” But perhaps nowhere has there ever been 
the development toll roads and canals which took place New York State 
the last century. the railroads were built westward, these toll roads 
and canals—with few exceptions—passed out existence. competition 
away from seaports, the railroads provided service not possible any 
other media that time. Population and industry were still too sparse 
the interior support more than one effective media, free highways, toll 
roads, and canals failed get patronage and fell the wayside. 

Today, the main stems some these inland waterways, waterborne 
traffic again evidence. The free public highways and the toll roads are 
back with again important transportation media. Population and indus- 
try now support all these selectively and certainly need them. The famous 
“water level” corridor now contains, besides the sole survivor the many 
canals, five railroad tracks, (six along the Hudson), and three highways, each 
them busy thoroughfares. Comparable conditions exist those other 
waterways which are paying have chance pay their way, i.e., these 
different media, all serving the same people, follow the same general corri- 
dors and parallel, cross, compete, and alledgedly trespass one another. 


Consideration the Several Media 


Many classical economists hold their hands horror the “economic 
waste” the duplication transportation media found America. 
Since these media not normally operate all the time their maximum 
basic capacity, this duplication seems imply them that some these 
media should eliminated, least that some not extended. There 
are those who would put our inland waterways this category. The evidence 
seems against the theory. The return the once outmoded transport 
media appears rather have reduced the total cost transportation—per- 
centage wise. 1929, public transportation cost the public one-thirteenth 
its income; 1952, only one-nineteenth. These dates cover the period when 
these “outmoded” media made their comeback. While transportation people 
feel that they have not been getting adequate return, the difference per- 
centage appears too great explained easily. 

seems wholly logical assume that public patronage supplies suf- 
ficient revenue maintain any service, that service justifies its existence. 
Where such support withheld, cannot long exist. These statements are, 
course, over simplifications, but seems reasonable that they state 
proper basis for justification and analysis our transportation. That these 
principles operate, demonstrated the constant decrease our railway 


q 
a 
d 
2 
; 
: 


DITTBRENNER 939-5 


mileage, obsolescense and revival some waterways, and the return 
highways—especially toll roads—to importance transportation. Unquestion- 
ably, they also exercise some control the extent which each the media 
being and will used. The decrease railroad mileage does not any 
stretch imagination indicate obsolescence lack need for railroads 
whole; neither does resurgence waterways traffic under certain circum- 
stances indicate that all waterways are become economically sound arteries 
transportation. Bulk commodities quantity are the backbone such 
traffic and therefore point generally only mainstem waterways serving 
large population centers. Inland waterways traffic has been growing, but 
has all other traffic. Inland waterways account only for about 1/16th our 
total transportation effort, and the ratio can hardly considered chang- 
ing rapidly. The changes which have been and are occurring transporta- 
tion reflect the increase population and industry, and the integration the 
various media into system best adapted present public needs. They also 
doubtless reflect the change the relative value each these media due 
least part the fact that the public now has, can use and does support, 

wider selection transport services than formerly. 

These strictly transportation considerations are great importance all 
surface transportation media the solution the navigation clearance prob- 
lem, because they should and doubtless will the factors which, the end, 
will determine whether any particular watercourse will support navigation 
and need provision for clearances. One existing media, its actual 
fancied possibility, should not impose cost other media without cor- 
responding benefit the consumer who pays all the bills. 

noted Mr. basic studies have been made some the 
costs involved highways and railways because provision for navigation. 
These studies have become public documents, and are available such. 

They are elementary, but sufficient indicate the problem, the need ac- 
tion, and point the way further study. 


Specific 


resume the highlights these probiems northeastern United 
States will amplify the preceding remarks. 

Figure you see the “water level corridor” have been talking about. 
The name applies the Hudson River from New York City Albany, and 
west from there the Mohawk, Oneida Lake, and Ontario plains Buffalo. 
contains some the most important surface transportation the north- 
east and the United States whole. The heavy lines show the New York 
State Barge Canal System. This includes the Hudson for operation. main 
branch goes through Lake Champlain, more truly water level route than 
the Mohawk. way Lake Champlain, the Richelieu River, and small 
parallel canal, tidewater Albany connected with tidewater below 
Montreal. carefully noted, however, that this fact itself induces 
waterway traffic. The State New York built the Barge Canal the cor- 
ridor west Albany, beginning about years ago, after traffic the then 
too small Erie Canal had practically vanished. What now the New York 
Central Railroad had occupied this corridor for many years that time. 


“Bridge Clearances: The Interest the Bureau Public Roads,” 
Walter Kurylo. 
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There are 309 highway and railway bridges over the canal system. Since both 
highways and canal are under common stewardship, would reasonable 
assume that each would treated equitably possible. The state 
chose require feet clearance above canal water level, for canal 
limited depth feet over lock sills. modernization program begun 
during the depression, certain sections are proposed and are being given 
feet clearance. 

Under such conditions, the shipper built his craft accordingly. Figure 
shows typical tow operating the canal (and the Note that the 
mast carrying the after range light hinged. The funnel just even with the 
pilot house. Figure shows the basic limitation the size tow. fills the 
lock. (Of historical interest, the locks giving entrance the old Erie Canal 
are visible the right. Today’s transport requirements would ignore 
small watercourse.) For dry cargo, somewhat different craft used—an 
articulated, self-contained connection barges. These barges are the full 
width the locks—less power section complete with pilot house 
used the stern the arrangement. Note that there are stacks fixed 
projections other than the pilot house. Each these tows carries about 
trainload cargo. When empty, these Barge Canal craft have freeboard 
feet, and the pilot house has lowered pass under bridges. 
The lowered pilot house shown Figure 

These illustrations show what can done you have it, against 
the concept that the structures over the waterway must clear vessel de- 
signed with compulsion for any limitation. 

contrast, Figure shows typical tow the Mississippi River system, 
where 9-foot channel prevails, and much the cargo moves upstream 
against stiff current. Here trainload cargo has little attraction the 
operator. Coal, once major tonnage the lower Mississippi, now moves 
along that part the river mostly rail—and often trainload. Mississippi 
tows have the cargo capacity modern deep sea transports—four, five six 
trainloads. Notice that the funnels usually form the highest projection 
these Mississippi tows. The modern Mississippi towboat, even under ruling 
clearance fixed older vessels maintenance equipment, and having 
little compulsion toward restriction vessel height, gets along with 
pilot house most feet above the water level. They have generous 
funnels, but even these not use available clearance. They all have die- 
sel engines. Many them use the engines designed and built for the ubi- 
quitous World War LST. These ships had stacks for engine exhaust. 
the best the writer’s knowledge, LST was ever lost sea; while burnt 
the water’s edge sometimes combat, none were lost action. does 
not appear that funnels would improve that record for safety performance. 

former years, Albany was connected with New England and other parts 
the world fleets the type vessel shown Figure This was the 
freight and passenger carrier when navigation the Hudson was its hey- 
day. This craft probably had lot with fixing the clearance the 
Brooklyn Bridge. They generally had 95' keel and 125 130' masts. 
its day, hundreds the schooners illustrated could seen any time the 
Harbor Basin Albany. The last remnant this basin now being filled in, 
primarily provide bypass keep truck traffic off the downtown streets 
Albany. The modern Port Albany now well below the lowermost bridge 
which serves Albany and spans the Hudson. 

the mile stretch river above the present Port, there are three 
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vertical lift bridges giving clearances over 130 feet, and three swing 
bridges. Above that point only fixed bridges with Barge Canal clearances are 
found. There traffic above the Port Albany, now prospect, 
other than substantially that for the Canal System. the not too distant future 
another bridge over the Hudson will needed connect Albany its sub- 
urbs. important question will then faced, which will find its counter- 
part many places the United States: shall this new bridge provide the 
same clearances the old bridges above and below it, just because they 
exist, for the navigation then existing and prospect? 

the other end the Hudson New York City—one the world’s major 
ports. view this port, looking toward the Narrows, shown Figure 10. 
Note that this port has been kept clear obstructions. The lowermost bridge 
over the Hudson, the George Washington Bridge, shown Figure 11. Even 
this bridge obstruction. The clearance over 250 feet more than 
feet greater than needed any vessel now prospect. The proposed 
lower deck this bridge will use only fraction this excess clearance. 
Manhattan Island dominates the city and the port. The island surrounded 
the Hudson, the East, and the Harlem Rivers. The East River connects the 
Hudson with Long Island Sound; the Harlem connects the Hudson and East 
Rivers. The Boroughs Brooklyn, Queens, and Bronx lie east Manhattan, 
and these four surround the work area the New York part the port. The 
first permanent bridge built the port, the Brooklyn Bridge, the 
lowermost bridge over the East River. This bridge fixed the clearance over 
the East River about 132 feet. Even so, sailing vessels, which carried the 
world’s cargo when that bridge was built, removed their topmasts pass un- 
der it. The Brooklyn Navy Yard was then and now above this bridge. All 
other bridges over the East River have about the same vertical clearance, the 
Triboro Bridge being the latest and uppermost. The “spieler” one the 
boat tours which circles Manahttan singles out this bridge illustrate 
point: this bridge will wind 137 feet above the water for 
any vessel that needs the clearance. The cars the road have wait. Be- 
fore the cars can cross, they have pay The ship goes for free. 
don’t get voices not uncommon feeling. 

Figure you see the Harlem River. The Harlem River may called 
the housekeeping part the port. Ashes and garbage loom large its traffic. 
There are bridges every few blocks. There are also tunnels which you don’t 
see, and which generally cost twice much bridge. Topography fixed 
the clearance few these bridges, but most them are swing bridges. 

closer look the Harlem will profitable. Figure shows one type 
craft which requires the Harlem bridges open. happens that this craft 
owned railroad, which uses this means delivering its goods. Over 
extended period observation, only one other type craft using this 
waterway did require bridge openings—a sailing yacht, with mast feet 
more height. Figure shows the answer that. This picture was taken 
the Harlem River. 

All craft regularly using the Harlem River are required Corps En- 
gineers’ regulation’ accommodate themselves clearance feet 
that the bridges need not opened. This sufficient clearance even for the 
barge loads freight cars which are freely shunted and down the Harlem 
and around the harbor. 


Bridge Regulation, Corps Engineers 203.160 
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Fig. 12. Port New York Looking the Harlem River (Courtesy 
Triboro Bridge Authority. Photo Fairchild) 
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The aerial view Harlem River shown not quite date. recent 
similar picture available. One the bridges shown there carries the New 
York Central passenger trains into New York City. There are about 600 train 
movements day over this bridge—which works out about one every 1/2 
minutes. This bridge being replaced lift span clear 139 feet. The 
lift span alone adds least $5,000,000 the cost the bridge, (out total 
cost nearly $20,000,000), say nothing the cost train delay and bridge 
operation. can left the imagination the reader what the opening 
this bridge will train movements. 


certainly within reason expect that objective analysis will find 
that all craft which use this waterway can properly modified conform 
the feet required other vessels, and eliminate movable bridges 
here entirely. 


few other examples are appropriate. 

The Charter Oak Bridge crosses the Connecticut River Hartford. 
powerhouse serving the area lies downstream the bridge. Fuel need not 
pass under the latter. 

The Buckley Bridge short distance upstream, from the Charter Oak 
bridge. There record any traffic consequence passing under the 
Buckley bridge above it. The extra cost providing feet clearance 
for the 300,000 tons waterborne traffic passing under the Charter Oak 
bridge was 1/2 million dollars. Its annual cost over $100,000 year—a 
public cost 33¢ for every ton. The traffic consists petroleum products, 
which could pumped any tank farm just well from below the bridge 
from above. Navigation here long standing; the pattern should now 
reasonably fixed. Why not have zoned the area above the Charter Oak Bridge 
save this expenditure? 


The Zoning Problem 


This brings point some consequence. Great objection made, 
when cases this kind are pointed out that such zoning restrictions would 
deny the use navigable waters anyone who might wish locate busi- 
ness that could, would, might use navigation. Such objection implies that 
navigation entity which has “riparian” rights the lands bordering the 
waters and that community should have the right zone its area pre- 
vent the establishment business which could impose unreasonable costs 
that community. Yet, since navigable waterway is, under the law, pro- 
tected against any encroachment, such zoning could well ineffective with- 
out Act Congress. There are many instances single establishment 
located require added expenditure for crossing far excess the 
value the business the community the owners. Even where the 
laws the state would require full compensation any owner (and they usu- 
ally do) for the physical loss navigation his doorstep, the right the 
community build over navigable waters without providing for navigation can 
and still denied. 

The Congress has never defined navigation nor set criteria for deter- 
mination the conditions under which waterway should considered navi- 
gable. the absence such definition, however, Supreme Court decisions 
many years ago had effect defined navigable stream one which “was 
navigable fact, commercial sense, and its ordinary condition.” 
those days, was generally possible obtain statement giving the location 
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the head navigation all streams, above which permit Act Con- 
gress was needed for crossing. With the passage many laws the de- 
velopment water resources the last generation, however, the Supreme 
Court decision appears general guidance. This decision, refer- 
ring proposed diversion water for irrigation, stated: 


“It not prohibition any obstruction the navigation, but any 


obstruction the navigable capacity, and anything, wherever done 


however done, within the limits the jurisdiction the United 


States which tends destroy the navigable capacity one the 


navigable waters the United States, within the terms the 
prohibition” 


(Italics are author’s) 


employee midwestern highway department, the writer well re- 
members being notified that plans for bridge well above head navigation, 
previously given writing, were approved only condition that Act 
Congress obtained authorize it. This bridge was backwoods 
country over stream about wide enough for the village stove warmers spit 
across. One Federal agency had found that dam might built the neigh- 
boring state, and might make the stream navigable. The dam had not been 
built authorized! There was assurance that would be. The situation 
was not helped the fact that the writer’s State had given firm promise 
build the bridge before the seasonal rains, and the adjournment Congress 
was only week away. 

is, then, quite understandable that firm determination the “head 
navigation” can longer obtained except Act Congress. The State 
Connecticut has recently gone that cumbersome method three instances, 
indicated Mr. Kurylo. The State Massachusetts has done likewise 
the case the Fort Point Channel, the heart Boston, alongside its South 
Station, after previous experience the Neponsett River trying buy out 
upstream property owner that excessive provision for navigation would 
not necessary. This channel had become commercial value the 
Port, and was crossed eight movable bridges the heart the city near 
its South Station. 


Reverse Riparian Rights 


This thing which, for lack better name, may call “reverse riparian 
rights” more serious problem than any record will show. are accus- 
tomed think land having riparian rights over water, not water over the 
adjoining land. The courts say that navigation not property right; land- 
owner can acquire virtue his title; apparently community can ex- 
tinguish zoning purchase. now, agency can declare any 
stream non-navigable. Only Congress can so. 

many minds navigation has become “justification” for almost any ex- 
penditure which anyone wishes make order use water protect him- 
self against it. This thinking has magnified the effect long standing law 
the point where many people unconciously consider navigation sacred 
transcend mere man made statute. This concept the public mind has 
been fostered and for many honest and well meaning interests not even re- 
motely connected with navigation. perhaps the most serious hinderance 
objective thinking which face developing our water resources. 


United States Rio Grande Irrigation Co., 174 U.S. 690,708 (1899). See 
Act September 10, 1890, Stat. 426, 454. 
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Whether the actuality the many extravagant claims purporting benefit 
navigation are imaginary substantial immaterial law. the Congress 
Says specific Act the interest navigation, the courts will not enter- 
tain any question “fact.” The Congress 1944 recognized the interest 
the states their own resources and did declare policy that the 
State’s right develop its own water resources was respected, and 
navigation would considered the Congress only substantial. That 
protected its own time and effort this declaration may not have been inci- 
dental. This declaration, however, while serving notice and encouraging poli- 
development, sheds little light. What “substantial”—and whom? 


Criteria and Application 


There are overall criteria for navigation clearances. These must 
worked out each case the conflicting interests, and since the existing 
law requires, favor navigation. best, results are arrived ona 
trading basis. the record accepted, many “satisfactory” solutions have 
been reached. More likely most these were compromises and satisfactory 
one. This invariably the case where rule principle, justified 
experience and known beforehand all concerned, available. 

Mr. has limited his remarks those situations which are physi- 
cally common waterways having navigable depths more than feet. 
This embraces the major portion the geographic area the United States. 
Such channels carry less than 10% our total waterborne tonnage however. 
Incidentally, 40% the total waterborne commerce our rivers and ports 
consists petroleum products—a prime requisite for highway construction 
and motor vehicle fuel. is, therefore, not the least far fetched assume 
that the rise highways importance transport media has been major 
element the return inland waterways traffic importance. This 
merely another aspect transport integration. 

The foregoing citation conditions, particularly but not confined 
northeastern United the writer’s opinion, makes clear that the 
navigation clearance problem not limited channels under 12' depth 
but matter affecting transportation everywhere. Everyone concerned 
the problem. Everyone concerned will better served clear and equit- 
able criteria are established and applied, that everyone knows beforehand 
what streams are navigable and what extent. This need not and should not 
rigid and inflexible determination. The appearance this subject the 
convention agenda demonstrates the effect rigidity and inflexibility the 
past. 


SUMMARY 


may appear that the writer has given more attention transportation 
per than the announced subject. But the navigation clearance problem 

transportation problem, and believed that clearer concept any 
facet problem possible the problem whole clarified. Objec- 
tively viewed, navigation only one medium transportation and not any 
means the major one. There nothing sacred about it. our development 
nation, have used successively waterways, highways, toll roads, rail- 
roads, and air transport. Some these once nearly disappeared, but are now 
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back with us. There nothing mysteriously cyclic about that. nota 
question whether should have one the other that they share the 
traffic equally that one may more important than another. Our economy 
can use all them. Each have advantages and disadvantages. The public 
integrating them into their most useful pattern its patronage. noted 
previously, navigation clearances are important because the role they play 
that integration for best service the public. This integration has selec- 
tive pattern, not uniform one. Proper integration can take place only when 
the total cost the public its minimum. Costs for navigation clearances 
are usually major item the public. And, until and unless criteria for them 
are established and applied every watercourse the nation, the present 
legalistic concept “navigation” literally applied, lien encumbrance 
every riparian ownership every rill and trickle the land. cannot 
assume that “it can’t happen here.” already has. 

Certainly history has shown that each generation must view its affairs 
the light its own environment and occupy itself with corrections old 
and the solutions new problems. This constant need society are fac- 
ing here. We, the Bureau Public Roads, feel that something has 
done about navigation clearances. are engaged the doing it. 
intend continue until wholly satisfactory and equitable solution reached. 
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